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ADVERTISEMENT. 


r  I'l 

X  HE  Authors  of  Original  Papers  in  the  present  Volume, 
are  C.  Wilkinson,  Esq.;  Peregrinus  Proteus;  A  Constant 
Reader;  E.  P.;  Mr.  W.  Jones,  F.  Am.  P.  S. ;  Alexander 
Henderson,  M.  D. ;  Mr.  J.  Halev,  Jun. ;  R.  B  ;  Mr.  Eze¬ 
kiel  Walker;  G.  A.;  I.  R.  I.;  A  Correspondent;  Mr. 
Cuthbertson;  Mr.  J  Bramah;  Messrs.  Harman  and  Beam; 
Mr.  Frederick  Accum;  A  Carlisle,  Esq.;  R.  T. ;  Mr.  J. 
Dalton  ;  H.  G. ;  Mr.  J.  C.  Hornblower ;  Mr.  John  Gough  ; 
M.  le  Comte  de  Bournon  ;  Mr.  A.  Woolf ;  Right  Hon.  Sir 
Joseph  Banks,  Bart.  P.  R.  S. ;  Thomas  Thomson,  M.  D. ; 
Wm.  Hyde  Woollaston,  M.  D.  F.  R.  S. ;  Mr.  Wm.  Henry  $ 
T.  S.  T. 

Of  Foreign  Works,  H.  Beaupoil;  Cit.  Berthollet;  Four- 
croy ;  Vauquelin  ;  Collet  Descotils ;  Brugnatelli;  Professor 
Lichtenberg ;  Ritter;  Hauy ;  J.  Drapernaud ;  Klaproth; 
Van  Marum  ;  J.  C.  Bartholdi  ;  Jerome  De  Lalande;  J.  L. 
Guy  Lussac ;  Dr.  P.  A.  Nemnich. 

And  of  English  Memoirs,  abridged  or  extracted;  R0 
Ramsden  Bradley,  Esq.  ;  Mr.  Robert  Green  ;  Rev.  Edmund 
Cartwright;  Dr.  John  Winterbottom  ;  R.  B. ;  Benjamin 
Smith  Barton,  M.  D. ;  Mr.  Edward  Massey ;  Mr.  David 
Charles ;  Smithson  Tennant,  Esq.  F.  R.  S. 

v 

Of  the  Engravings  the  Subjects  are,  1.  Machine  of  con- 
fiderable  Power  for  clearing  Roads  of  Mud,  by  Dr.  Winter- 
terbottom.  2.  Mr.  Robert  Green’s  Hand  Drill  for  Peas.  3. 
'IheRev.  E.  Cartwright’s  Thj-ee-Furrow  Plough.  4.  Dia¬ 
gram  for  invefligating  the  Figure  of  the  Earth.  5.  New  Gal¬ 
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vanic  Apparatus,  convertible  at  Pleasure  into  one  or  more 
Plates.  6.  Hydraulic  Machine  operating  by  the  rotation  of 
two  Pinions,  in  a  Water  Veffel.  7.  An  improved  Jib  for  a 
Crane,  bv  Mr.  Bramah.  8.  New  Filtering  Apparatus,  by 
Messrs  Harman  and  Dearn.  9.  Galvanic  Apparatus.  10. 
An  ancient  Lock  ufed  in  Egypt  and  Western  Asia  for  above 
three  thousand  Years.  1 1.  Developement  of  the  Mechanifm 
of  the  Lock.  12.  Sketch  of  the  Orbits  of  the  New  Planets, 
by  Jerome  de  Lalande.  13.  Cryftals  of  Arseniated  Copper, 
by  Hauy.  14.  Telegraph  by  the  Human  Figure.  15.  Ma¬ 
chine  for  levelling  the  Surface  of  Land,  by  Mr.  David  Charles. 

16.  Shaded  Se&ions  of  a  Clock,  which  strikes  the  Hours  by 
simpler  Mechanism,  and  with  greater  regularity  than  usual, 
by  means  of  a  Pendulum  substituted  in  the  Place  of  a  Fly. 

17.  Specimen  of  a  very  curious  antique  Composition  or  Paint¬ 
ing  in  coloured  Glass,  by  an  Art  at  present  lost.  18.  Im¬ 
proved  Lamp  for  producing  a  strong  Heat  in  Chemical  Ex¬ 
periments,  by  Mr.  Accum. 
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ARTICLE  I. 

Letter  from  C,  WilkInson,  Efq.  on  the  Means  of  fimpiifying 
and  improving  the  Galvanic  Apparatus . 

To  Mr.  NICHOLSON. 

SIR, 

.  The  communication  from  your  ingenious  correfpondent  Introdu&ion* 

I.  R.  I.  afforded  me  confiderable  pleafure.  As  you  favoured 
me  with  his  idea  how  the  galvanic  power  may  be  increafed  ' 
to  an  immenfe  degree,  prior  to  its  appearance  in  your  valuable 
Journal,  I  have  been  induced  to  reflect  upon  various  modes, 
of  galvanic  arrangements. 

If  the  whole  apparatus  be  made  to  confift  only  of  a  Angle  In  apparatus  of 

plate  reflected  backwards  and  forwards,  fo  at  to  expofe  an  °.ne  fing!e  p!a*e’ 
f  r  tlie  coating  of 

immenfe  furface,  no  plate  of  copper  would  be  required,  only  copper  is  un¬ 
taking  care,  which  in  this  inflance  would  be  eafily  effected,  neceflary. 
that  one  fide  of  the  plate  only  fhould  be  expofed  to  the  action 
of  the  acid.  For,  from  various  experiments,  I  am  perfuaded 
that  the  other  metal  anfwers  no  other  electrical  purpofe,  than 
to  guard  and  protect  the  zinc  fide,  to  which  it  is  foldered  from 
being  aCted  upon  by  the  acid.  Even  cement  anfwers  very  Cement  will  d« 
well,  if  we  only  preferve  through  the  cement  a  good  con-asvveJI* 
duCting  medium  to  the  zinc.  Thus  with  a  zinc  plate  of  eight 
inches  diameter,  if  only  a  piece  of  copper  the  fize  of  a  half- 
Vol.  VIII.— May,  1804.  B  penny 
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Proof  in  the 
Couronne  de 
Taffesj 


and  in  a  pile. 


* 

penny  be  foldered  in  its  centre,  and  all  the  red  of  that  furface, 
which  is  ufually  foldered  to  copper  or  filver,  be  well  covered 
with  cement,  equal  efle&s  would  be  obtained. 

In  a  Couronne  de  Tafles  I  find  the  fame  effects  are  pro¬ 
duced,  whether  the  copper  be  of  a  correfponding  fize  to  the 
zinc  plates,  or,  whether  they  be  merely  fimple  copper  or 
filver  wires. 

Upon  this  principle  I  have  condru&ed  a  pile,  and  find  it 
produces  the  lame  effedls,  as  if  the  whole  furface  were 
covered  with  copper  ;  I  purpofe  foon  to  arrange  a  trough 
upon  the  fame  principles,  and  I  am  perfuaded,  that  the  more 
tedious  and  expend  ve  part  of  galvanic  apparatus  may  thus  be 
prevented. 

The corrofion  in  When  a  trough  has  beenfometime  employed,  upon  removing 

a  trough  is  the  plates,  the  Iofs  of  metal,  1  always  obferve,  does  not  take 
greatelt  near  the  r  ,  \  * 

air.  place  uniformly  over  the  furface,  but  in  the  upper  part,  which 

in  the  galvanic  a&ion  is  the  mod  expofed  to  the  atmofphere, 
is  the  mod  acted  on,  and  towards  the  bottom,  the  metal  is 
very  little  altered.  In  order  to  preferve  a  more  equal  action, 
I  am  now  preparing  a  battery  formed  of  plates  of  ten  inches 
by  two  and  a  half,  the  longed  fide  placed  horizontally,  and  I 
am  perluaded,  that  this  lized  plate  will  produce  more  a£tive 
effects  than  a  plate  of  five  inches  fquare. 

Hence  a  pile  of  It  is  well  known,  that  in  every  galvanic  operation,  oxida- 
would  be  tion  js  produced,  and  if  oxigen  can  be  procured  from  the 
furrounding  air,  the  effect  would  be  more  eafy  than  producing 
it  from  the  decompofition  of  water.  I  have  no  doubt,  that 
if  a  feries  of  zinc  plates  formed  like  large  pewter  didies, 
were  to  be  arranged  in  a  pile-like  form,  infulated  from  each 
other,  and  the  galvanic  mixture  to  be  poured  in  the  hollow 
part ;  the  low^er  fide  being  covered  with  cement,  excepting 
that  from  the  centre  a  piece  of  copper  fliould  be  foldered, 
and  fo  projefting  as  to  be  in  contact  with  the  duid  in  the 

t 

cavity  of  the  plate  below  ;  that  a  very  powerful  apparatus 
would  thus  eatily  be  formed. 

On  the  fubftitu-  In  the  latter  part  of  your  Journal  I  perufed  with  a  con- 
ftead°ofwet~  ^ic^era^e  degree  of  furprife,  fome  obfervations  of  a  Mr.  Dyck- 
mediums  by  hofF  relative  to  the  fubftitutions  of  thin  drala  of  air,  indead 

Dyckhoff.  of  vvet  media.  As  the  refults  of  his  experiments  appeared  fo 

contrary  in  principle  to  any  I  had  tried,  I  immediately  re¬ 
peated  them  in  the  manner  he  has  deferibed,  with  interpofed 

'5  *  .  lentils 
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lentils  of  glafs,  fo  as  to  render  the  reparation  very  fmall.  I  then 

arranged  feveral  feries  of  plates  of  one  inch,  to  plates  of  (even 

inches  in  diameter;  beeaufe  he  has  not  particularized  the  tize  of 

the  plates  he  employed.  I  arranged  piles  of  thefe  different  fizes 

to  the  number  of  twenty  pairs  in  each  arrangement,  and 

obferved  not  the  flighted  galvanic  effect,  either  by  my  tongue 

or  by  any  other  left.  1  employed  a  very  excellent  condenfer;  The  experiment 

no  influence  at  all  was  evinced  ;  and,  laflly,  I  fubjeded  it  to  dld  not  Succeed. 

the  mod  delicate  eledrofcope  we  have,  viz.  the  mufcular 

fibres  of  a  frog.  Not  the  dighted  didurbance  took  place, 

although  I  fancy  I  have  demondrated,  in  the  elements  of  gal- 

vanifm  I  have  publifhed,  that  the  fenfibility  of  this  animal 

eledrofcope  is  fifty  thoufand  times  greater  than  that  of  the 

condenfer. 

As  to  the  charging  of  a  Leyden  phial,  I  am  convinced  it  is  Gon vision  of 

perfectly  erroneous  to  fuppofe  it  has  ever  been  done.  I  have  ^  au.tnor  tilar 
r  J  ...  .  ,  .  galvanilm  canaot 

employed  from  fifty  pair  of  plates  to  fifteen  hundred,  and  never  charges  Leyden 

yet  have  produced  any  charge.  Nor  indeed  could  fuch  beJar* 

expected  from  the  weak  intenfity  of  the  date  of  electricity  in 

galvanic  operations  ;  for  a  jar  cannot  be  charged  until  a 

fufficient  quantum  is  accumulated  to  overcome  the  reddance 

of  the  furrounding  air,  fo  abfolutely  requidte  to  the  charging 

of  a  Leyden  phial. 

I  am.  Sir, 

Your's,  &x. 

C.  WILKINSON. 


ANNOTATION.  W.  N. 

THE  valuable  obfervations  in  the  preceding  letter,  will  Form  of  gafr 

naturally  fugged  improvements  to  thofe  who  are  employed  in  .vanic •apparatus 
J  r  1  J  in  a  angle  piece^ 

the  condrudion  of  galvanic  apparatus.  It  mud  be  a  great 
advantage,  that  the  expence  of  copper  and  the  work  of 
foldering,  or  placing  it,  will  be  almod  entirely  faved.  Fig.  1. 

Plate  III.  diews  a  dmple  method  of  difpofing  a  dngle  plate  of 
zinc  of  large  furfacein  a  trough.  It  is  fuppoled  to  have  been 
made  diffidently  hot  to  bed  itfelf  in  cement  at  the  bottom  of 
the  box  in  which  if  is  placed,  and  its  two  ends  A  and  B  are 
fecured  in  the  fame  way.  The  diaded  Ipaces  reprefent  the 
cavity  occupied  by  acid,  and  the  dotted  fpace  is  left  empty. 

B  2  A  com- 
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Another  of 
many  pieces  ail¬ 
ing  as  one. 


More  particular 
account  of  the 
pile  of  difhes. 


A  communication  may  be  made  by  a  copper  wire  from  the 
wet  or  corroded  furface  to  the  oppofite  or  dry  furface,  as 
(hewn  at  A  and  C. 

As  it  maybe  difficult  to  bend  a  very  long  piece  of  laminated 
zinc,  and  to  keep  it  flat,  fo  as  to  give  it  a  fecure  and  clofe 
fixture  in  the  cement,  I  fliould  prefer  a  number  of  ffrait  pieces 
fcrewed  together  with  varnifhed  pieces  of  wood  between  their 
extremities :  every  fecond  piece  being  perforated  on  the  acid 
fide,  to  permit  a  free  communication. 

Mr.  WiLkinfon’s  pile  of  diffies  promifes  to  be  very  effectual, 
and  of  eafy  conffrudion.  I  fuppofe  the  diffies  to  be  of  zinc, 
either  caff  in  a  metallic  mould  or  (lamped,  and  that  each  ffiould 
be  provided  with  three  ffiort  copper  legs,  foft-l'oldered  on; 
after  which,  the  lower  face  of  the  diffi  ffiould  be  well  defended 
by  varnifti  or  cement,  and  alfo  the  lower  ends,  but  not  the 
fides  of  the  copper  legs.  Thus  prepared,  they  might  be  eafily 
builded  up,  and  charged  by  a  proper  funnel,  and  an  appropriate 
meafure  for  dealing  out  the  acid. 

Galvanic  trough  In  Fig.  2.  I  have  ventured  to  offer  the  (ketch  of  a  trough, 
of  one  metal  confiding  of  zinc  plates  only,  principally  becaufe  it  appears 
sTfingh^plate^by  capable  of  being  as  fpeedily  charged  with  acid  as  another 
varying  the  com- trough,  and  may  with  facility  and  at  pleafure  be  ufed  either  as 
one  fingle  plate,  or  as  the  ufual  feries  of  plates,  ading  in 
fucceffion  upon  each  other.  Let  A  B  reprefent  a  trough  con- 
ffruded  after  the  manner  of  Cruickffiank  ;  excepting  that  the 
plates  are  of  zinc  only :  and  let  the  alternate  lhaded  cells  be 
charged  with  diluted  acid,  while  the  dotted  cells  continue 
empty.  This  may,  without  difficulty,  be  done  at  one  pouring, 
by  means  of  a  channel  in  the  wooden  fide  of  the  trough. 

Whether  this  trough,  fo  charged,  (hall  ad  as  one  extended 
galvanic  furface,  or  as  a  continued  feries,  will  be  governed 
by  the  copper  wires  of  communication.  If  the  former,  then 
a  long  copper  wire  having  branches  defcending  from  it  into 
every  one  of  the  acid  cells  muff  be  duly  placed;  and  another 
wire  parallel  to,  but  not  in  contad  with,  the  former,  and 
having  double  branches  defcending  into  all  the  empty  cells,  fo 
as  to  touch  both  the  dry  metallic  furfaces,  muff  alio  be  placed. 
Whenever  a  communication  is  made  between  thefe  two 
principal  wires  or  condudors,  the  galvanic  energy  will  pafs 
through  the  medium  of  communication.  I  have  not  given  a 
diagram,  becaule  this  difpofftion  is  very  obvious. 

If 


mu 


Arrangement  to 
produce  the 
ufuai  efFt  £l  of  a 
targe  plate. 
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It  the  latter  effeft  be  required,  namely,  that  the  trough  Arrangement 

ftiould  a6t  like  a  continued  feries,  the  connection  of  the  troughs  the  eftett  of 
^  °  a  lucccmon  of 

mutt  be  differently  made.  A  number  of  clipping  pieces  or  piates. 

fpring  forks  muff  be  provided  of  copper  wire,  as  represented 
by  the  curved  lines  a,  b,  c,  d,  &c.  from  each  of  which  proceeds 
a  third  leg  or  branch,  as  Seen  in  the  figure.  Thefe  are  ap¬ 
plied  (moft  conveniently  above,  but)  not  fo  as  to  touch  each 
other;  the  clipping  part  of  each  embracing  the  dry  Surfaces  of  a 
pair  of  the  zinc  pieces,  which  are  acted  upon  by  the  fame  mafs 
of  acid,  while  the  third  leg  is  immerfed  in  the  acid  of  the 
next  adjacent  cell.  Every  one  of  their  legs  or  branches  is 
difpofed  towards  the  fame  region  or  part  of  Space ;  by  which 
means  the  acid  of  each  compartment  acting  upon  a  pair  of  zinc 
plates,  on  one  Surface  only,  is  made  to  communicate,  by  the 
interpofition  of  copper,  with  the  uncorroded  fide  of  the  next 
pair  in  fuccetfion ;  and  fo  on,  exactly  as  in  the  common  trough 
or  pile. 


II. 

Obfervations  and  Communications  on  the  Dry  Rot  in  Timber ,  made 
to  the  Society  for  the  Encouragement  of  Arts . 

(Concluded  from  p.  31$  of  Vol.  VII.) 

» 

Second  Letter  from  Benjamin  Johnson,  Efq. 

SIR, 

The  observations  I  Sent  yefterday  were  taken  from  different 
parts  of  my  note-book,  in  hafie,  becaufe  the  Second  Tuefday 
in  December  was  paft ;  for  it  was  by  accident  I  Saw  the  adver¬ 
tisement  on  Saturday  ;  but  wifhing  not  to  be  deficient  in  infor¬ 
mation,  I  trouble  you  again. 

The  leaves  of  the  plant  appearing  exhaufted  and  dead,  is  A  more  full  ac- 
owing  to  their  having  imparted  all  their  juices  to  the  wood,  count  of  the 
which  changed  it  to  a  fungus,  and  not  to  a  powder,  like  rot-  f10ns  dry 
tennefs  from  length  of  time.  roc5 

The  Boletus  Lachrymans  is  of  the  fungus  tribe,  and  is  one  of 
the  few  that  have  leaves,  as  the  mifeltoe,  &c. 

*  v 

Nothing  is  more  eafy  than  to  prevent  the  damage  from  the 
plant.  Befides  what  I  Said  yefterday,  I  am  pofitive  that  a  tile 

laid 
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and  the  method 
of  sure. 


laid  clofe  along  the  walls  round  the  room,  would  prevent  the 
growth  of  the  plant,  even  without  mortar ;  and  perhaps  it  is 
only  neceflary  where  the  walls  are  next  to  the  air. 

Charring  the  ends  of  the  joids  for  a  few  inches,  and  char¬ 
ring  the  fide  of  the  wainfeot  at  bottom,  next  to  the  walls  would 
be  fufficient;  for  the  plant  cannot  adhere  to  any  thing  but  wood, 
and  that  pofTetTed  of  its  natural  juices,  to  a  certain  degree  ;  fo 
that  I  queftiqn  if  old  dry  oak  would  receive  it. 

All  the  white  foft  woods,  as  beech,  poplars,  and  deals,  are 
for  a  long  lime  ready  to  receive  it.  Repairing  the  damage  with 
frefli  wood,  without  removing  the  earth  and  plant,  is  only  feed¬ 
ing  the  evil. 

The  plant  is  of  the  creeping  kind,  and  cannot  rife  two  inches ; 
fo  that  wood  in  all  cafes,  mud  be  in  contaft  with  the  earth  to 
fupport  it. 

A  fungus  broader  than  the  palm  of  one*s  hand,  and  an  inch  or 
more  in  thicknefs,  is  commonly  feen  at  the  bottom  of  an  old  pod, 
on  the  lurface  of  the  earth  ;  but  it  is  not  eafy  to  difeern  whe¬ 
ther  the  wood  or  the  earth  furnifhes  the  matter;  fo  true  is  the 
obfervation  of  Muller:* — “  Dans  V etude  de  la  nature,  on  peut 
nous  comparer  d  de  petits  erfans  qui  commencent  d  ouvrir  lesyeux ; 
nous  voulons  parler  beaucoup,  et  nous  ne  faijbns  que  begayer.” 

I  am,  Sir, 

Your  mod  obedient  Servant, 

BENJAMIN  JOHNSON, 

Jpfwich ,  Dec .  21,  1799, 

To  the  Secretary, 

N.  B.  The  qualities  of  this  plant  are  unknown  to  mod  Eng- 
Iifh  botanifts,  as  appears  from  their  publications;  but  they  are 
known  to  the  Germans,  who  have  habitually  ufed  more  wood 
in  their  buildings  than  we  have. 


Third  Letter  from  the  Same. 

.SIR, 

Adured  that  the  purfuits  of  the  Society  for  the  Encourage¬ 
ment  of  Arts,  &c.  aim  at  the  full  invedigation  of  whatever 
they  propofe  for  the  public  benefit,  I  cannot  perfuade  myfelf 
that  I  am  troublefome  in  going  a  little  further  into  this  fub> 

jea.  . 


I  had 
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I  had  lately  a  converfation  with  an  old  friend,  who  fhowed  Some  account 
me  two  parcels  of  rotten  wood,  from  an  oak  barn  floor,  laid  floor  de* 
about  fifteen  years  ago.  Alter  lying  twelve  years  it  (hook  upon 
the  joifts.  On  examination,  it  was  found  to  be  rotted  in  various 
parts,  and  the  planks,  two  inches  and  a  half  in’thicknefs,  were 
nearly  eaten  through,  though  the  outflde  was  glofTy,  and  with¬ 
out  blemifh.  The  joifts,  and  a  large  middle  beam  were  laid  at 
the  ends,  in  brick  and  mortar,  to  create  a  firm  level.  _  No  earth 
Was  near  the  wood  ;  and  he  thinks  that  no  air  could  find  a  paf- 
fage.  Tim  rottennefs  was  partly  an  impalpable  powder,  of 
the  colour  of  Spanifli  fnufF,  and  other  parts  were  black,  as  if 
burnt ;  the  reft  was  clearly  a  fungus. 

This  gentleman  is  a  perfon  of  undoubted  veracity;  but  a  nice  it  does  not  ap- 

and  exact  obfervation  is  neceftary  in  fuch  examinations.  He  Pear  t0  hav,e, 

J  ,  been  cauied  by 

thought  nothing  of  any  plant,  and  it  is  likely  there  was  none  of  any  p)antt 

the  Boletus;  fo  that  my  after tion  that  it  was  always  to  be  found, 

was  rather  too  fyftematic.  -  -  g 

I  afked  him  if  the  timber  was  dry  when  laid  down.  He 

could  not  however  fay  that  had  been  particularly  adverted  to. 

It  had  been  fawed  from  a  large  oak,  and  was,  as  he  thought, 

in  all  refpe6ts  proper  for  a  barn  floor.  As  this  feems  not  the 

operation  of  the  Boletus,  how  did  it  happen  ? 

We  know  that  the  oak,  when  in  vegetation,  is  fubjeft  to  On  the  decay  of 

what  I  (hall  call  an  exudation  of  juices,  which  produces  the  oa^  timber. 

fungus,  named  the  Agaric  of  the  oak,  with  which  the  Druids 

of  old  played  many  tricks.  The  oak,  then,  if  fawed  into  thick 

quantities,  may  emitthefe  fame  juices,  as  the  progreflive  courfe 

of  nature  to  its  entire  decay 

We  have  all  feen  oaks  of  vaft  fize  and  ancient  record,  with 

a  great  part  of  the  outfide  whole,  and  all  the  inftde  gone  ; 

perhaps  the  work  of  a  century.  In  all  hollow  trees  fungus  is 

difcoverable.  To  ufe  a  law  term,  it  is  a  mifnomcr  to  call  it  dry- 

rot  ;  for  the  rotting  principle  is  in  moifture. 

I  had  never  feen  the  rot  upon  fo  large  a  fcale  as  in  timber.  The  preparation 

fill  lately.  The  prevention,  then,  of  beams,  rafters,  large  wood  for  pre- 
,  n  c  .  ,  .  lerving  it,  mould 

joifts,  and  pofts,  put  into  the  earth,  from  decay  by  the  lot,  be  either  char- 

is  in  charring  only,  which  will  dry  up. all  the  fungus  juices  of  ring, 

wood  in  large  fubftance.  Paint,  or  a  bituminous  preparation.,  or  bituminous 

may  probably  Hop  up  the  pores,  and  prevent  the  rot  in  (light  paint. 

work,  where  the  treatment  I  before  oblerved,  with  fire, 

might  be  incommodious,  as  in  half-inch  wainfcot,  &c. 

The 
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Purability  of 
charcoal. 


Introdu&ion. 


The  incorruptibility  of  charcoal  is  attefled  by  undoubted 
hiflorical  fads,  at  the  deflrudion  of  the  famous  temple  at 
Ephefus.  It  was  found  to  have  been  ereded  on  piles  that  had 
been  charred  ;  and  the  charcoal  in  Herculaneum,  after  almoft 
2000  years,  was  entire  and  undiminiflied. 

I  am,  Sir, 

Your  mod  obedient  Servant, 

BENJAMIN  JOHNSON. 

Ipfwich,  December  26. 

Letter  from  Richard  Ramsden  Bramley,  Efq,  of  Leeds, 
relative  to  the  Dry  Rot  in  Timber . 

To  CHARLES  TAYLOR,  Efq. 

SIR, 

I  take  the  liberty  of  inclofing  to  your  care  an  EfTay  on  the 
Dry  Rot  in  Timber,  which  you  will  be  fo  obliging  as  to  lay 
before  the  Society  for  the  Encouragement  of  Arts,  &c.  Should 
this  ElTay  be  deemed  worthy  of  attention,  or  thould  any  farther 
notice  be  neceffary  refpeding  it,  every  information  that  may 
promote  the  views  of  your  refpedable  Society  will  be  given 
with  pleafure  by. 

Sir, 

Your  mofl  obedient  Servant, 

R.  RAMSDEN  BRAMLEY. 

Leeds ,  Aug .  26,  1799. 

As  the  Society  for  the  Encouragement  of  Arts,  &c.  have 
for  forne  years  offered  a  premium  for  the  difeovery  of  the  caufe 
occafioning  the  dry  rot  in  timber,  of  which,  it  feems,  no  fa- 
tisfadory  account  has  yet  been  received  ;  fliould  the  following 
prove  fo,  it  will  give  the  author  much  pleafure.  To  bring  the 
matter  to  the  tefl  by  experiments,  would  require  the  obfer- 
vation  of  a  long  period,  and  in  feleded  fituations. 

Wood,  ufed  for  the  general  purpofes  of  man,  is  cut  down 
at  different  periods;  and  although  it  may  be  felled  at  the  proper 
feafon,  or  when  mofl  free  from  fap  or  moiflure,  it  is  not  al¬ 
ways  to  be  effeded. 

Even  admitting  it  to  have  been  cut  down  in  the  mofl  favour¬ 
able  fituation,  it  flill  abounds  with  fuch  an  extra  proportion  of 

4  moiflure 
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moifture,  as  to  require  a  regular  expofure  to  the  air,  prior  to  Fads  and  obfer- 
its  being  applied  to  ufe,  if  we  with  to  guard  againft  that  fhrink-  7atlons  concern- 
ing  which  always  takes  place,  where  this  precaution  has  not  timber,  and  it« 
been  taken.  cure* 

Although  the  fir  kind  contains  lefs  of  this  watery  portion, 
yet  it  afluredly  poflefies  a  confiderable  (hare;  and  it  is  in  this 
fpecies,  I  apprehend,  that  the  evil  called  the  dry  rot  moft  ge¬ 
nerally  occurs,  as  from  the  facility  of  working  the  fame,  it  is 
mod  generally  applied  in  buildings. 

But  fuppofing  it  to  be  fir,  or  any  other  fpecies  ;  wood  felled 
when  abounding  with  any  extra  proportion  of  fap,  and  applied 
to  ufe  without  the  proper  feafoning  or  expofure  to  a  free  current 
of  air,  until  fuch  extra  moifture  as  has  had  time  to  exhale,  is 
moft  liable  to  the  difeafe  in  queftion  ;  and  the  cure,  or  principal 
prevention  againft  it,  would  be  the  precaution  of  felling  all 
wood  only  at  the  proper  feafon,  or  when  the  fap  is  not  in  cir¬ 
culation.  The  next  mode  of  prevention  would  be  to  ufe  fuch 
wood  only  as  has  been  for  a  confiderable  period  expofed  to  the 
influence  of  a  free  current  of  air,  or  where  convenience  will 
admit,  to  that  of  air  heated  to  a  moderate  degree ;  fuch  air  ex¬ 
trading  with  greater  facility  the  inclofed  moifture,  and  in  a 
more  certain  ratio  than  the  irregularity  of  our  atmofphere  will 
allow. 

In  all  rapidly-improving  countries,  this  evil  is  likely  to  be  an 
increafing  one,  as  the  current  demand  for  wood  generally  ex¬ 
ceeds  the  fupplies  laid  by  in  ftore,  fo  as  to  be  applied  to  ufe  in 
regular  fucceflion,  after  being  properly  feafoned. 

Another  caufe  that  affeds  all  wood  moft  materially,  when 
not  fully  dried,  is  the  application  of  paint,  the  nature  of  which 
prevents  all  exhalation,  and  confines  the  inclofed  moifture,  till 
itoccafionsa  fermentation  through  the  whole  fibrous  fyftem  of 
the  wood,  and  brings  on  a  premature  ftate  of  decompofition, 
or  the  dry  rot. 

A  fimilar  evil  may  be  induced,  in  confequence  of  any  newly- 
finifhed  building  having  all  the  doors  and  windows  fliut  up,  and 
that  for  fome  length  of  time,  particularly  in  moift  weather,  v 

The  wood,  even  though  unpainted,  is  thus  frequently  placed 
in  an  atmofphere  more  charged  with  vapour  than  its  own  inter¬ 
nal  contents,  and  is  confequently  in  an  imbibing  inftead  of  an 
exhaling  ftate,  and  tending  to  decay.  Wood  placed  in  damp- 
ifli  fituations,  and  the  ends  of  timbers  near  to  moift  walls,  fuffer 
from  fimilar  caufes. 

What 
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Fa£h  and  obfer-  What  particularly  attracted  my  obfervation  to  the  circum- 
vat'ons  concern- R  was  this,  that  both  oak  and  fir  ports  were  brought 

in  timber,  and  into  this  premature  date  of  decay,  from  their  having  been  pain- 
rts  cure.  ted  prjor  qic  cjue  evaporation  of  their  moirture;  and  then 

extending  the  obfervation,  and  tracing  the  hiftory  of  other 
wood  affected  in  a  rtmilar  manner,  I  am  convinced  that  the  evil 
frequently  thus  originates,  and  its  prevention  would  be  in  tiling 
timber,  previoufiy  well  dried  and  feafoned. 

RICHARD  RAMSDEN  BRAMLEY. 


SIR, 

A  conrtderable  time  has  elapfed  rtnee  I  furnifhed  you  with 
fome  obfervations  relative  to  the  dry  rot  in  timber,  and  having 
been  fince  engaged  burtly  in  draining  from  4  to  5000  acres  of 
ground,  further  ideas  on  the  fubject  of  the  dry  rot  have  in  the 
interim  recurred  to  me  from  the  work  I  have  been  engaged  in, 
which,  if  the  refpedable  Society  to  which  you  are  Secretary  think 
worthy  attention,  they  may  add  to,  or  conned  with  my  former 
ideas,  as  may  be  deemed  mort  uleful.  Where  houfes  are 
troubled  with  damp  walls,  near  to  the  earth’s  furface,  it  is 
generally,  if  not  univerfally,  occalioned  by  the  percolation 
of  water  from  the  higher  adjoining  ground,  which,  thus  in¬ 
tercepted  in  its  current,  attempts  to  follow  the  general  hydro f- 
tatic  law,  of  elevating  itfelf,  by  the  fyphon  line,  to  a  height 
equal  to  that  from  whence  it  has  its  origin.  Thus,  in  houles 
differently  rttuated,  we  fee  the  damp  arifing,  to  varying  de¬ 
grees  of  height,  on  the  walls  ;  and  thofe  are  probably  all  cor- 
refponding  to  the  height  at  which  the  moiffure  circulates  in  the 
adjoining  ground.  At  its  firff  entrance  to  the  building,  and 
whilff  the  moiffure  is  in  fmall  quantity,  the  excavated  part 
of  the  foundation  wall  may  abforb,  and  gradually  quit  fucli 
proportion  ;  but  the  excels,  as  is  generally  the  cafe  in  moiff 
weather,  exceeding  that  power,  the  foundation  ffones  are  (hen 
faturaled  in  a  more  rapid  proportion  than  the  adjoining  rarifie  1 
internal  atinoiphere  can  evaporate:  the  watery  particles  then 
creep  up,  in  degrees  proportionate  to  the  afeent  from  which 
they  originally  defeended,  excepting  when  prevented,  or 
driven  off  by  the  fuperior  heat  of  the  adjoining  rooms,  when, 
in  addition  to  the  difagreeable  damp  they  caule,  they  fre¬ 
quently  occafion  conrtderable  damage  to  pictures,  furniture, 
ike.  Drains  laid  out  athwart  the  alcending  ground,  with  a 

very 
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very  flight  defcent  or  fall,  and  made  of  the  depth  of  one  yard  Fads  andobfer- 
for  each  yard  of  afcent,  and  from  the  foundation  until  equal  Cun,“ern- 

to  the  height  that  fuch  damp  ever  rifes,  would,  there  is  little  in  timber,  and 
doubt,  completely  fecure  the  houfe  and  furniture  from  theltscure* 
inconveniences  hitherto  fuflained,  and  would  generally  prove 
an  effedual  prevention  to  moft  cafes  of  the  dry  rot,  where  it 
originates  in  extreme  moiflure.  Iam  of  opinion  that  the  fun¬ 
gus  which  pervades  decaying  wood  is  not  the  fir  ft  caufe,  but 
an  attendant  on  the  peculiar  ftate  to  which  fuch  wood  has  been 
reduced  by  prior  caufes.  The  diffeminated  feeds  finding  a 
proper  bed,  or  nidus,  like  the  mufbroom,  toad-ftool,  &c.  fix 
there  their  abode,  and  pervade  the  whole  fubftance,  thus  ac¬ 
celerating  the  general  law  of  Providence,  which  tends  to  make 
all  matter  re-produdive. 

Cellars,  or  fuch  other  places,  fliould  be  drained  in  the  man¬ 
ner  I  have  above  mentioned,  by  taking  off  the  percolating 
water,  prior  to  its  gaining  admiffion  to  or  coniad  with  the 
walls  ;  and  it  is  probable  that,  in  moft  cafes,  a  fingle  drain 
will  have  complete  effed  ;  it  would  affuredly  do  fo,  if  it  was 
not  for  the  variation  of  the  earth’s  internal  ftrata,  which  are 
not  eafily  difcernible.  If  attention  to  this  rule  was  paid  prior 
to  the  building  any  new  ftreets  in  towns,  it  would  prove  ef- 
fentially  ufeful. 

I  am,  with  efteem. 

Dear  Sir, 

Your’s  trulv, 

Leeds,  June ,  1803.  R.  RAMSDEN  BRAMLEY* 

To  Mr,  Charles  Taylor. 


The  Society  have  been  informed,  that  mortar  made  of  lime 
from  burnt  chalk  is  much  more  deftrudive  to  timber  than  ftone 
lime,  or  that  burnt  from  lime-ftone.  Chalk  lime  attrads  moif- 
ture;  and  communicating  it  to  any  timber  which  it  touches,  oc- 
cafions  its  decay. 

Sea  fand  is  alfo  prejudicial,  if  made  into  mortar,  from  a 
ftmilar  quality  of  attrading  moifture  from  the  atmofphere :  this 
may  in  feme  degree  be  correded  by  wafhing  the  fand  well  in 
freth  water,  where  good  fand  cannot  be  procured. 

Good  mortar,  where  any  is  required  to  be  in  contad  with 
timber,  may  be  made  from  a  mixture  of  ftone  lime  freth  burnt, 

and 
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Obfervations 
upon  Frofeflor 
Playfair’s 
memoir  on  the 
figure  of  the 
earth. 


and  river  fand,  to  which  a  very  (mail  quantity  of  common  brown, 
or  yellow  iron  ochre,  fhould  be  added,  and  well  incorporated 
therewith. 


III. 

On  the  Figure  of  the  Earth.  %  Peregrinus  Proteus. 
To  Mr.  NICHOLSON. 

SIR, 

In  fome  of  your  late  Journals  I  obfervea  paper  on  the  figure 
of  the  earth,  by  Mr.  John  Playfair,  profefior  of  mathematics 
in  the  Univerfity  of  Edinburgh,  containing  feveral  new  the¬ 
orems,  and  ingenious  remarks,  on  a  fubjeCt  which  has  engaged 
the  attention  of  the  firfl:  mathematicians  of  Europe  fince  the 
days  of  Newton.  On  reading  it,  I  was  led  to  examine  the 
properties  of  fpheroidal  triangles,  and  to  inveftigate  the  pro¬ 
blem,  propofed  by  the  author,  for  determining  the  aimenlions 
of  the  earth  from  the  length  of  the  ffraight  line  or  chord  join¬ 
ing  two  places  whofe  geographical  fituaiions  are  given.  Thefe 
are  intended  to  form  the  principal  fubjecl  of  this  letter;  but, 
before  I  proceed  to  them,  I  beg  leave  to  make  a  few  obferva¬ 
tions  on  that  paper,  without  any  view'  to  cavil,  or  detract 
from  its  real  merits. 

After  taking  notice  of  the  difagreement  in  the  comprefiions 
of  the  terreftrial  fpheroid,  which  refult  from  the  comparifon  of 
different  meafurements,  he  afligns,  as  the  principal  reafon  for 
this  inconfifiency,  the  local  irregularities  in  the  direction  of 
gravity,  arifing  in  fome  fituations  from  the  attraction  of  moun¬ 
tains,  and  in  others  from  the  unequal  denfity  of  the  materials 
under,  and  not  far  from,  the  furface  of  the  earth.  That  the 
firft  has  a  fenfible  effect  on  the  plumb-line  has  been  proved  by 
accurate  and  undeniable  experiments ;  the  fecond  is  an  ingeni¬ 
ous  and  probable  conjecture,  which  the  furveys  carrying  on  in 
Great  Britain  and  France  will  afford  data  to  refute  or  confirm. 
But  though  the  former  may  operate  in  the  general  furvey  of  a 
country,  where  the  obferver  has  not  his  choice  of  ground,  it 
has  always  been  avoided  as  much  as  pofiible  in  meafurements 
made  for  the  exprefs  purpofe  of  determining  the  figure  of  the 
earth  ;  and  though  the  latter  may  produce  fome  perceptible 

difference 
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difference  in  obfervations  made  in  nearly  the  fame  latitudes,  Obfervations 
does  the  author  think  it  fufficient  to  account  for  the  great  dif- 
agreement  in  the  refults  from  the  comparifon  of  didant  obfer-  memoir  on  the 
vations?  Is  it  not  much  more  probable,  without  giving  up  the 
elliptic  figure,  that  fome  of  the  obfervers  may  have  ufed  dif¬ 
ferent  dandard  meafures  from  the  red,  or  not  made  proper  al¬ 
lowances  for  the  alteration  of  their  lengths  indifferent  temper¬ 
atures?  In  fhort,  this  circumfiance  appears  to  me  fufficient  to 
account  for  fome  fmall  local  irregularities,  but  wholly  inade¬ 
quate  to  explain  the  great  differences  in  the  general  refults. 

The  author  then  proceeds  to  point  out  feveral  methods  of 
calculating  the  dimenfions  of  the  earth  from  terrefirial  meafure- 
ments.  The  fird  applies  to  the  cafe  where  two  arches  of  the 
meridian  are  given  in  different  latitudes,  which,  under  the  mod 
favourable  circumdances,  is  incomparably  the  mod  accurate 
that  can  be  employed.  The  rules  he  gives  are  certainly  very 
fimple,  and  in  fome  refpe<5ts  new;  but  he  feems  to  be  mif- 
taken  when  he  afferts,  that  the  calculation  mud  be  made  by 
rules  quite  different  from  thofe  that  have  been  hitherto  given. 

Euler’s  *  is  effentially  the  fame  with  his  own;  and  Du  Sejour, 

Legendre,  Delambre,  &c.  have  given  many  accurate  theo¬ 
rems,  which  may  be  applied  to  this  purpofe.  The  fecond  me¬ 
thod  is,  from  comparing  a  degree  of  the  meridian  in  any  lati¬ 
tude  with  a  degree  of  the  curve  perpendicular  to  the  meri¬ 
dian  in  the  fame  latitude  ;  and  the  third  from  the  meafures  of 
degrees  of  the  curve  perpendicular  to  the  meridian  in  differ¬ 
ent  latitudes.  His  theorems  for  both  are  very  accurate  and 
fimple.  But  the  principal  novelty  of  Mr.  Playfair’s  paper  is, 
the  method  hepropofesof  finding  the  figure  of  the  earth  from 
the  length  of  adraight  line  or  chord  joining  two  places  whofe 
geographical  fituations  are  given.  As  he  has  left  the  folution 
of  this  problem  to  fome  future  occafion,  the  following  perhaps 
may  not  be  unacceptable  : 

Let  PAO  ( Plate  III.  Fig.  1 .)  reprefent  one  quarter  of  the  Solution  of  the 

ellipfis,  by  the  revolution  of  which  round  the  femi-conj ugate 

axis  P  C,  half  the  terredrial  fpheroid  is  generated.  Let  C  figure  of  the 

be  the  center  of  the  earth,  P  the  pole,  C  O  the  radius  of  the  ^art^ 

equator=a,  C  P  half  the  polar  axis=/>,  and  c  =  the  compref-  joining  two 

fion  at  the  poles,  or  the  excels  of  a  above  b.  Let  A  in  the  known  places, 
r  •  •  &c. 

*  Memoircs  de  L’Academie  Royale  des  Sciences  Belles  Lettres 

a  Berlin,  1753, 


meridian 
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Solution  of  the  meridian  PAO  be  one  of  the  extremities  of  the  meafured  clmrd, 
problem^for  and  p  jn  ^e  merifijan  p  p  the  other  extremity  ;  let  AD,  BF 

fipure  of  the  be  drawn  perpendicular  tq  CP,  B  E  perpendicular  to  the 

earth  from  the  plane  CPAO,  and  let  AB,  AE,  FE  be  joined.  Then  will 
AE*  be=(CD— CF)I  +  (AO  — FE)i=CD*+ADi  x  CF‘  + 
known  places,  F E2  —  2  C  D  x  C F—  2  A  D  x  F E,  and  AB1  —  AE*  +  BE  2  zr 
&c-  CA1+CBi  — 2  CD  x  CF— 2  ADx  FE. 

Now  let  A,  Q  be  the  latitudes  of  A  and  B  exprefTed  in  deci¬ 
mals  of  the  radius  J,  w  the  difference  of  longitude  or  the  angle 
BFE,  and  D  the  length  of  the  meafured  chordziA  B.  Then 
from  the  properties  of  the  ellipfis  we  have 


CAa  = 


a2  cof.  A fin.  A2 
a 2  cof.  Az-j -b2  fin.  A2 
az  cof.  A 


:a2  —  2  ac  Sin  A* 


AD - - — -  ■  — —  =acof.  A4-e  cof.  x  fin.  A* 

x/(a2  col.  A2 -j-d2  fin.  A2) 

b 2  fin.  a 


and  CD  = 


—a  fin.  X  —  c  fin.  x 


[a2  col.  Xz-j-^2  fin.  Az) 

(2  — fin.  A2),  neglecting  the  powers  of  c  higher  than  the  firft, 
becanfe  c  is  very  fmall  in  comparifon  of  a.  Whence  by  fub- 
ftitution,  and  putting  32  =  2  a*  (]  —  fin.  0  fin.  A  — cof.  $cof. 
X  cof.  w),  we  obtain  the  following  equation; 


y~c  ^k(fin.  x— fin.  $)2 — -  (fin.  x2  -f-  fin.  £2)  ^=D4, 

and  by  extracting  the  fquare  root  of  each  fide,  and  rejecting 
the  fquare,  cube,  &zc.  of  c,  there  refults, 

3— -c  | X— fin.  <?>)*  —  ^(fin.  A2  -f-fin.  P4)  ^  =D, 

or  a+c  1 1  (fin.  a*  fin.  <?>*)  —  (fin.  A—  fin.  <P)2  J  — 

This  equation  may  be  otherwife  exprelfed  thus ;  let  a  fphe- 
rical  triangle  be  conftructed,  having  two  fides  equal  to  the 
polar  diftances  of  A,  B,  and  contained  angle  =  their  difference 
of  longitude;  whence  find  the  third  fide,  which  put  =  $. 
Then  will  fin.  <p  fin.  A  -f-  cof.  Qcof.  A  x  Qof.  u  =  cof.  3,  and 
1  —  fin.  Q  fin.  A  —  cof.  <p  cof.  A  cof.  u  =  1  —  cof.  3  =  2  fin.  £32; 

therefore  3=2  a  fin.  |3,  and  D  =  2  a  fin.  |3  -f-  c  |  fin.  |3 

(fin.  A— fin.  Q)7-  l  i  r  * 

—  f  —  The  value  of  3 


(fin. A4  x  fin.  <P2)  — 


fin.  {  3 

is  manifefily  equal  to  the  length  of  a  ftraight  line  joining,  two 
places,  whofe  latitudes  are  A,  <pt  and  difference  of  longitude 
o>'j  on  a  fpherc,  whofe  radius  is  a. 


From 


N 
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From  this  equation  the  following  method  of  determining  the 
figure  of  the  earth  is  deduced.  Let  /  be  the  length  of  a  mea- 
fured  chord,  and  A,  <p,  u  the  latitudes  and  difference  of  longi¬ 
tude  of  its  extremities  ;  find  9  as  above,  and  let  m  =  2  tin. 

xmd  n  =  fin.  \  9  (fin.  A1  -p  fin.  <PX)  —  ^ 

tin.  |  it 

Then  if  vve  reject  alL  the  powers  of  c  higher  than  the  firft,  we 

fliall  have  the  fimple  equation  ma  -\-nc  —  l.  In  like  manner 

find  a  firnilar  equation  m'a  -|-  n'c  =  I',  correfponding  to  any 

other  chord  whofe  length  is  V,  and  there  will  refult  a  = 

7 x'l  —  nlr  m'l—mV  . 

- —  >  and  c  = - - — .  The  approximation  may  be 

mix  —  mn  mn —inn  . 

eafily  carried  further  by  including  the  fecond  power  of  c,  and 
thus  finding  an  equation  of  the  form  ma  -j-  nc  -f-  pc  *r=/;  but 
this  labour  would  be  ufelefs,  as  the  method  itfelf  does  not  ad¬ 
mit  of  greater  accuracy.  If  Q  —  \  the  equation  becomes 

— - —  zz  a  -f-  c  fin.  $*,  as  is  found  by  Mr.  Playfair  in  §  3 1 . 

2  li  ii  •  y  v 

From  the  firft  equation  a  rule  may  be  eafily  derived  for  cal¬ 
culating  the  difference  of  longitude  of  two  places,  when  their 
latitudes  and  diftance  are  given.  For  by  tranfpofition  we  have 

**  (1  -j — -(fin.  A2  -p  fin.  £2)  ZZ  D2  -p  4  ac  (fin  A  — fin  Q>)% t 

CL 

and  by  divifion,  and  rejecting  the  powers  of  c  higher  than  the 
firft  ^  ZZ  D2  a7,  (fin  A  —  fin.cp)2,  —  D2  (fin.  A2  -pfm. 

but  is  zz  2  a2  (1  —fin.  A  fin.  <£— cof.  a  cof.  (p  cof.  «),  there- 
1—  ■ — fin.  A  fin.*(p 

fore  cof.  ~  zz/  ^  (^in*  ^~fin-  CP)2~- 

D2,  _  _  A  .  D*  r 

—  fin.  A  fin.tp 


cof.  Acof.<P 

Dz  \ 

^-2  (fin.  A1  -p  fin.  $2)  j  and  putting  1 


‘Z  a 


col.  A  cot.  (p 
D* 

2  (fin.  a  —  fin.  p)z  - 


a 


a* 
fin.  «/ 


cof.  u  we  have  ZZ«  '  -p 
(fin  A 2  -f”  fin.  (p*) 

- ,  which  rule  may  be  thus  expreffed.  Let 

there  be  a  fpherical  triangle,  having  two  of  its  tides  equal  to 
the  polar  diftanees  of  the  places,  and  the  third  fide  d  fuch  that 

fin.. 


Solution  of  the 
problem  for 
finding  the 
figure  of  the 
earth  from  the 
length  of  a  chord 
joining  two 
known  places, 
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ON  THE  FIGURE  OF  THE  EARTH. 


Solution  of  the  D 

problem  for  fin.  \  d  =  - — ;  find  the  angle  «/  contained  between  the  polar 
finding  the  ^  a 


figure  of  the  difiances,  and  the  difference  of  longitude  w  will  be  ZZ  w'-f- 

kug'thofT chord  £f  y  Td*  (fin.  **  +  fin.  Ql)-2  fin.  X  fin  ft. 

fin.  «/  * 


a 


joining  two 

knoswi  place..  The  latitude  <p  may  alfo  be  found  from  the  fame  equation, 
when  x,  a>  and  D  are  given.  For  if  the  bafe  of  a  fpherical 
triangle  be  zz  d,  the  two  other  Tides  zz90°  — X,  90°  —  and 

the  contained  angle  zz  u,  the  cof.  u  will  be  ZZ 
D*  _ 

1 - -  —  tin.  x  fin.  tyf 

— .  Now  let  $  zz  y  -{-  x,  where  x  muff 


2  a- 


col.  X  col. 

be  very  fmall,  and  cof.  X  cof.  there  refults  cof.  J  zz  cof.  w  -|- 

(cof.  x  fin.  <p'  cof.  u  —  fin.  x  cof.  <p') 

— - - - -  - - x  fin.  x:  confequently 

col.  x  cof.  <p'  n  J 

(cof.  x  fin.  <p'  cof.  w  —  fin.  x  cof.  <£') 


cof.  x  cof.  <p' 


X  fin.  x  ZZ  — 
a 


^  2  (fin.  x  —  fin.  <p')* — (fin.  X*  -{-  fin.  <Pf2)  ^  nearly. 


and  x  =  -  x 


a 


cof.  Xcof.'^  ^2  (fin.  X— fin.  $/)*  —  —  (fin.  +  fin. 

-i  -  -  -  ■  -  ■  -  - —  -  -  ■  ■  —  r  ■  ■  -  -  -  9 

cof.  X  fin.  <pAeof.  a  —  fin.  X  cof.  <?' 

From  the  inveffigation  of  Mr.  Playfair’s  problem,  therefore, 
we  have  obtained  very  accurate  rules  for  finding  a  from  X,  <p 
and  D,  and  Q  from  X,  a,  D. 

Now  in  order  to  find  an  equation  exprefling  the  relation  be¬ 
tween  the  latitudes,  difference  of  longitude,  and  one  of  the 
azimuths,  let  AL  be  perpendicular  to  the  meridian  PAO  in 
A  meeting  FE  in  L,  and  BK  perpendicular  to  AL.  Join  KE, 
and  the  angle  BKE  will  be  equal  to  the  fpheroidal  angle  OAB, 
and  BFE  equal  to  the  angle  APB  or  difference  of  longitude. 
Let  OAB  zz  BKE  zz  A,  BFE  ZZ  w,  and  x,  <?>as  before,  then  will 
LE  be  zz  (CD  —  CF)  cotang,  x  -j-  FE  —  AD,  KEzz  (CD  — 

KF 

CF)  cof.  X  -f-  (FE — AD)  fin.  X,  and  cotang.  A  — —  -  * 

BE 

Whence  by  fubflituting  the  valves  of  CD,  CF,  AD,  BF  given 
above,  and  rejecting  the  powers  of  c  higher  than  the  firff,  there 

refults 


frefults  cot.  A  = 
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(fin.  x  —  fin.  (?)  cof.  x 


cof.  $  fin.  u 


2  c  Solution  of  the 
r  problem  for 
finding  the 
figure  of  the 


a 


—  Bat  if  -«  be  the  vertical  angle  of  a  cayth  from  the 

length  of  a  chord 


col.  (?  tin.  « 

fpherical  triangle,  and  90°— (?,  90°— A  the  Tides;  alfo  A' joh? mg°two 


the  fupplement  of  the  angle  oppofite  the  fide  90° — <? ;  then  known  Placesi 

.  ...  ,  cof.  tp  fin.  A  cof.  a;  —  fin.  <?  cof.  x 

will  cot.  A'=  - - - -  :  - - - - 5  anti  confe- 


col’.  <?  fin.  u 


a  *  .  At  2c  ,  cof.  a  (fin.  A  —  fin  0) 

quently  cot.  A  zz  cot.  A - - — - * — J!:., 

“  col.  <p  cof.  u 


Whence  as  A,  A/  are  nearly  equal,  we  obtain  AziA'-f 


9 

C 


a 


or  a /a  cof.  A  (fin.  A — fin.  ... 

-  tin.  A  x - — - - - 9  which  will  be  found 

COl.  (p  COl*  cu 

abundantly  accurate  in  pra&ice,  but  if  the  fquare  of  c  be  re- 


.  •  j  ,2  fin.  A/a  col.  A  (fin.  A  —  fin.  (?) 

tamed,  and - 7—7 - - J  be  put  zz  M, 

col.  <p  fin.  co  1  ' 


and  fin.  A'1  cof.  A  x  fln-  *  cof.  2  A  +  2  fin,  a  fin.  —  fin. 

col.  <?  fin.  w 


—  cot.  Ax  M2  =  N,  A  will  be  =  A'  -f  M  x  — _ Nx^ 

•  a  a1 

more  accurately.  The  rule  may  be  thus  expreffed;  let  the 
colatitudes  of  the  two  places,  and  their  difference  of  longi¬ 
tude  form  the  Tides,  and  contained  angle  of  a  fpherical  triangle, 
„  °i  vvhich  find  the  bafe  angle  at  the  place  whofe  latitude  is  A, 
and  let  it  be  ZZ  »,  and  the  correfponding  angle  «  of  the 

fpheroidal  triangle  will  be  zz  «' —  -  x  2  fin.  a/2  x 

a 

cof.  A  (fin.  A — fin.  (?) 

—  *  In  like  manner  if  0'  be  the  angle  of 


cof.  £  cof.  u 

the  fpherical  triangle  at  the  place  whofe  latitude  is  <p,  the  cor¬ 
responding  angle  (3  of  the  fpheroidal  triangle  will  be  found  to 

be  zz  /S'  —  1  x  2  fin.  (3'*  x  ^  Co 


a 


fequently  u  -f.  /3  is  zz  a'  _j_  . 


cof.  a  cof.  u 
c  fin.  A 


a 


-  fin.  (? 
col.  (?  cof.  u  * 


2  fin.  B'2  cof.  A  —  X  2  fin.  £'2  x  -S  = 

a  col.  A  col.  oj 


c/  p —  __x 


a 


2  (fin.  «/2  cof.  A1  — fin,  ff’2  cof,  <?a)  (fin  A  —  fin,  j?) 

cof.  A  col.  O'cof.  «  •  ^Ut  ^ 


cof.  A  col.  $‘cof. 
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/ 


fpherics  fin.  cof.  Xu:  fin.  /S' cof.#,  therefore^  P  —  **-**•& 
if  we  rejeCt  the  powers  of  c  higher  than  the  firft,  which  are 
infenfible.  Hence  the  principle  laid  down  by  Mr.  Dalby,  viz. 
that  in  a  fpheroidal  triangle,  of  which  the  angle  at  the  pole 
and  the  two  tides  are  given,  the  fum  of  the  angles  at  the  bale 
is  the  fame  as  in  a  fpherical  triangle,  having  the  fame  tides, 
and  the  fame  vertical  angle,  is  verified,  and  therefore  the  con* 
eluding*  remark  of  Mr.  Playfair  is  hafiy  and  ungrounded.  But 
perhaps  Air.  P.  in  his  folution  retains  the  fecond  power  ot  c, 
and  objects  to  Mr.  Dalby ’s  principle  becaufe  its  coefficient 
does  not  vanifh  except  in  particular  cafes.  If  to,  the  objec¬ 
tion  is  frivolous,  as  the  difference  is  fo  fmall  as  fcarcely  to  be 
computed  in  the  cafes  that  occur  in  pra&ice,  and  too  fmall  in 
any  cafe  to  lead  into  error  or  deferve  attention. 

The  preceding  theorems  for  the  folution  of  fpheroidal  tri¬ 
angles  will  be  found  extremely  accurate,  when  applied  to  fucli 
as  are  deferibed  on  the  furface  of  the  earth,  on  account  of  the 
fmallnefs  of  c  in  comparifon  of  a;  and  in  like  manner  others 
may  be  deduced,  when  different  parts  of  the  triangle  are  fup- 
pofed  given.  Thus  if  a,  a  and  D  be  given;  let  a  fpherical 
triangle  be  conftrucled  with  one  fide  =  90°  —  X,  another=r/. 


fuch  that  fin.  \  d  = 


and  the  contained  angle  =  a  ; 


find 


the  other  fide  90  —  #',  the  angle  at  the  pole  u  ,  the  other  azi¬ 
muth  (3 '  and  we  fhall  have  equations  of  this  form  #  =  #'  -j- 
Pc,  u  =  w'  -j-  Sc,  and  jS  =  / 3/  Re,  where  P,  S,  R  are  func¬ 
tions  of  x,  a,  D,  which  may  be  derived  from  the  foregoing 
equations  by  proper  artifices.  But  the  formulae,  except  in 
particular  cafes,  will  not  be  found  fo  fimple  as  the  former. 
Thefe,  however,  and  fome  new  theorems  applicable  to  trigo¬ 
nometrical  furveys,  I  fhall  delay  to  fome  future  communica¬ 
tion.  In  the  mean  time,  it  may  not  be  foreign  to  the  fubjeCt  to 
Arch  of  the  remark,  that  the  arch  of  the  meridian,  faid  to  have  been  lately 
furetfirTthe3"  meafuredin  the  My  fore  country  in  theEaft  Indies,  by  Brigadier 
My  fore  country,  Alajor  Lambton,  gives  the  degree,  in  latitude  12°.32/N.  equal 
to  60194  fathoms;  w'hich  compared  with  that  of  60795  in  la¬ 
titude  47°. 24'  N.  gives  -j—  for  the  compreffion  at  the  poles, 
a  quantity  differing  very  little  from  the  mean  deduced  from  all 
the  meafures  ot  degrees.  But  it  muft  be  confelfed  that  there 
appear  at  prefent  to  be  two  very  important  objections  againft 
the  accuracy  of  Major  Lambton’s  meafure.  The  Myfore,  on 

account 
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account  of  the  irregularity  of  its  furface  and  its  uncertain  ele¬ 
vation  above  the  level  of  the  fea,  is  an  unfit  country  for  afcer- 
taining  a  nice  point  of  this  kind,  however  well  lituated  for  — perhaps  in 
connecting  the  eafiern  and  weftern  Tides  of  the  peninfula  by  a 
geographical  furvey  ;  and  the  Major,  from  his  account  in  the  caufes  ftated. 
7th  volume  of  the  Afiatic  Refearches,  feems  to  be  fomewhat 
doubtful  Of  the  exa6t  length  of  his  chain.  Neverthelefs  it  is 
probably  to  India  that  vve  mufi  look  Tor  the  means  of  finally  de¬ 
ciding  this  long  contefted  queftion.  There,  and  there  only, 
we  find  many  tra6ts  of  country  highly  favourable  to  this  pur- 
pofe;  and  it  is  to  be  hoped  that  the  Eaft  India  Company,  while 
anxious  to  afcertain  the  extent  of  its  pofieffions,  will  not  en¬ 
tirely  neglect  the  interefls  of  Tcience. 

I  am.  Sir,  &c. 

PERIGRINUS  PROTEUS, 

Portfmouth ,  April  7,  1804*. 


IV. 


Defcription  and  Drawing  of  a  Hand  Drill  for  fowing  Peas, 

Beans ,  fyc.  Communicated  to  the  Society  of  Arts,  by  the  Inventor, 

Mr.  Robert  Green,  of  Wefiwratting ,  Cambridgejhire *. 

To  CHARLES  TAYLOR,  Efq. 

SIR, 

I  HAVE  invented  an  engine  to  Tow  peas,  with  which  I  have  Very  economical 

Town  all  my  peas,  to  the  amount  of  40  acres,  at  the  price  of  Is.  ^or  fowing 
J  *  *  peas, 

per  acre,  and  think  that  my  peas  are  much  better  than  thofe 

Town  any  other  way.  It  is  alTo  on  a  very  fimple  plan,  and  the 

expence  of  it  when  complete  is  not  21.  It  is  ufed  by  manual 

labour,  without  anyhorfe;  and  it  will  draw  the  drill.  Tow  the 

peas,  and  cover  them  at  the  fame  time,  and  will  Tow  them 

much  rounder  than  any  other  I  have  yet  Teen.  I  likewife  find 

I  can  do  it  much  cheaper  than  with  any  horfe,  and  am  of  opi- 

*  To  whom  the  filver  medal  and  ten  guineas  were  voted  by  the 
Society.  A  complete  machine  is  placed  in  the  repofitory  of  the 
Society. 
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Very  economical  nion  that  it  fows  much  better  than  any  drill  I  have  feen.  If 

drill  for  rowing  th  Socjety  wi(h  it  I  will  fend  a  model  for  their  infpec- 
pcas,  J 

tion. 

I  am,  Sir, 


Your  obedient  Servant, 

ROBERT  GREEN. 


Wefiwratting ,  Camhridgrjliire, 
J  line1!!,  1302. 


SIR, 

I  have  fent  the  engine  for  fowing  peas,  in  order  that  it  may 
be  laid  before  the  Society  for  the  Encouragement  of  Arts,  & c. 

I  intended  to  have  fent  a  model  of  it,  but  afterwards  thought 
that  the  engine  itfelf  would  be  more  acceptable  to  the  Society. 

I  made  it  myfeif,  and  have  Town  with  it  26  acres  of  land  in  my 
own  occupation.  Mr.  Piper,  a  near  neighbour  of  mine,  has 
fown  with  it  five  acres ;  and  Mr.  Cock,  of  Blunt’s  Hall* 
Wratting,  in  Suffolk,  23  acr^s,  at  the  expence  of  is.  per  acre. 
Several  other  gentlemen  had  drills  of  me  for  fowing  peas.  If 
I  give  my  men  1  s  6d.  per  acre,  they  will  fow  for  me  two  acres 
in  one  day.  1  can  with  my  own  hand  fow  one  acre -in  five 
hours,  and  at  the  fame  time  fow  the  peas,  draw  the  drill,  and 
cover  them,  and  make  full  twelve  drills  and  a  half  to  the  rod. 

I  likewife  produce  the  plant  much  handfoilier  than  any  other 
feen  in  our  country,  and  at  a  very  trifling  expence.  By  this 
too,  the  labour  of  horfes  is  fpared,  which  we  find  to  be  a  very 
material  circumftance.  It  will  be  a  mod  excellent  engine  for  . 
gardeners  in  the  neighbourhood  of  London  ;  for  I  will  be  bold 
to  fay,  that  no  man  can  fow  with  his  hand,  fo  as  to  equal  this,  at 
a  very  trifling  expence. 

I  have  fpent  much  time  in  making  implements  of  hufbandry, 
but  have  made  none  fo  ufelul  as  this ;  for  it  is  fimple  in  its  con¬ 
firmation,  may  be  purchafed  by  any  man,  the  expence  being  fo 
trifling,  and  faves  the  labour  of  horfes. 

\  remain,  Sir, 

Your  mod  obedient  Servant, 

Wefiwratting,  ROBERT  GREEN. 
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Defer  ip  t  ion  of  the  Engraving  of  Mr.  Robert  Green’.?  Hand- 
Drill,  for  forcing  Peas,  Beans,  fyc.  Plate  II. 

Fig.  3.  a  a,  The  wheels  placed  upon  a  wooden  axis  h,  which 
is  fquare  at  each  end,  but  round  in  the  centre.  The  fquare 
ends  of  the  axle  have  holes  throughout  them,  at  different  dif- 
tances  in  order  to  depofit  the  feed  at  nearer  or  more  diflant  in¬ 
tervals,  as  may  be  wanted. 

c,  The  box  in  which  the  feed  is  placed  :  the  axis  b  is  cylin¬ 

drical,  and  has  holes  made  therein  proper  to  receive  the  feeds, 
which  by  the  revolution  of  the  axis  are  carried  forwards,  and 
fall  through  an  iron  tube  into  the  ground  opened  for  them  by 
the  fhare  d.  When  depofited  in  the  ground,  they  are  covered, 
or  the  earth  drawn  over  them  by  two  iron  pins  or  ferapers 
e,  fixed  on  each  fide  of  the  tube,  and  extending  fome  inches 
behind  it.  .  ' 

//,  The  handles  of  the  drill-machine,  by  which  it  is  pufhed 
forwards. 

Fig.  4.  Shows  an  enlarged  view  of  the  interior  of  the  feed- 
box  c,  above  mentioned,  and  holes  for  the  feeds  placed  in  a 
fpiral  line,  in  order  to  drop  the  feeds  more  regularly. 

g,  Is  a  fmall  brufh  within  the  box,  which  rubs  againfl  the 
cylinder,  to  keep  the  holes  cleaf  to  receive  the  feeds. 

Fig.  5,  Is  a  fedion  of  the  machine,  where  a  is  part  of 
the  feed-box  ;  b,  the  round  part  of  the  axle,  which  delivers 
the  feed. 

d,  The  (hare  which  opens  the  earth. 

h,  The  tube  through  which  the  feed  falls, 

*,  The  mouth  of  the  tube,  and  one  of  the  fins  which  draws 
together  the  foil,  and  covers  the  feed. 

k,  Is  a  fmall  door,  to  be  opened  occafionally,  if  the  roller  or 
tube  are  out  of  order. 

l,  A  {Irons  flat  board,  to  which  the  iron  work  is  ferewed. 

9  o  9 

Fig.  6,  Shows  an  enlarged  plan  of  the  iron  work,  when 
the  machine  is  reverfed; 

d,  Is  the  fhare. 

i,  The  hole  from  which  the  feed  is  dropped. 

e  e,  The  two  fins,  or  ferapers,  which  colled  the  earth  and 
cover  the  feed. 


Very  economical 
drill  for  fowing 
peas. 


N.B. 


no 


Theory  of  La 
Place,  that 
ftones  fall  from 
the  moon. 


Data  for  compu 
’  ion. 


PllD  JJiCTILES  FROM  THE  MOON. 

N.  B.  The  length  of  the  upper  rim  of  the  feed-box  of  Iha 
machine  in  Fig .  3,  being  fifteen  inches,  will  ferve  as  a  ftandard 
for  the  meafure  of  the  other  parts  *. 


V. 

Enquiries  concerning  the  Methods  of  inveftigating  the  Courfe  and 

Velocities  of  a  Body  fuppofed  to  be  projected  from  the  Moon  io 

the  Earth.  By  a  Correfpondent. 

•  ♦  .  i  . 

To  Mr.  NICHOLSON; 

SIR, 

-AlMONG  the  various  theories  concerning  the  flones  fallen 
upon  the  earth  in  different  parts  of  our  globe,  (the  fubjeCts  of 
Mr.  Howard’s  Analyfis),  that  which  De  la  Place  has  ventured 
upon,  though  apparently  incapable  of  proof,  feems  the  lead 
improbable,  namely,  that  they  are  projections  from  the  lunar 
volcanos.  Surely,  Sir,  whether  this  is  or  is  not  poflble ,  may 
be  mathematically  demonflrated,  certain  data  being  allowed. 
If  you,  or  any  other  able  mathematician,  could  find  time  to 
do  this,  it  would  be  a  great  gratification  to  fee  the  folution  of 

t  •  1 

thefe  queftions. 

We  muft  afiume  as  data,  That  the  denfity  of  the  materials 
compofing  our  fatellite,  is  precifely  fimilar  to  the  denfity  of 
our  globe;  and  that  the  moon  has  no  atmofphere  to  refill  the 
projection  from  its  furface,  or  fo  fmall  a  one  as  not  to  be  cal¬ 
culated  upon,  fince,  probably,  it  is  rare  and  low,  perhaps  not 
more  than  one-fixth  of  a  mile  high. 

Now  their  relative  bulks  and  diflances  ar q.  pretty  uell  afeer- 
tained,  and  w'e  will  take  them  to  be  precifely  known. 

Their  comparative  centrifugal  forces  may  eafily  be  calcu¬ 
lated,  as  the  moon  revolves  about  27  times  flower  about  its 
axis  than  the  earth  about  hers. 

Thefe  points  muft  be  fettled,  becaufe  particularly  the  Iaft 
mull  have  confiderable  effeCt  in  determining  the  line  fuch  pro¬ 
jected  body  would  deferibe. 

*  This  account  was  alfo  fupported  by  a  certificate  from  eight 
perfons  who  had  ufed  the  drill  in  fowing  J 13  acres  of  land,  and  of 
eleven  farmers  who  witneffed  and  approved  its  operation. 

Let 
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Let  us  fuppofe  too,  that  this  body  weighs  one  hundred 
weight. 

What  will  be  the  velocity  requitite  to  overcome  the  mutual  Refults  to  be  in 
attractions  of  the  moon  and  this  body,  fo  as  to  projeCt  it  beyond  ve^'SateJ* 
their  powers ;  remembering  that  its  velocity  will  be  continually 
diminifhing  as  long  as  any  attracting  power  aCts  upon  the  pro- 
jeCtile,  and  calculating  the  aid  it  would  receive  from  the  cen¬ 
trifugal  force. 

.  In  the  journey  of  240,000  miles  through  which  it  has  to  tra¬ 
vel  in  a  direCt  line,  is  there  any  free  fpace  beyond  the  fphere 
of  the  moon’s  attraction  and  that  of  our  planet’s  ?  If  fo,  at  what 
diftance  from  the  moon  will  that  be  found  ?  and  at  what  dif¬ 
iance  from  the  earth  ?  and  with  what  velocity  may  it  be  fup- 
pofed  to  travel  through  that  fpace  ?  of  courfe  it  will  be  much 
flower  than  when  firft  projected. 

As  upon  entering  the  limits  of  the  earth’s  attraction  its  velo¬ 
city  will  be  again  increafed,  qiuEre  its  rate  of  travelling  to  the 
earth  ;  and,  taking  the  three  reckonings  into  account,  in  howr 
many  days  and  hours  can  it  be  mathematically  demonftrated 
that  it  would  reach  our  fplid  globe  ? 

Acted  upon  by  the  united  forces  of  projection,  centrifuge, 

(if  I  may  coin  a  word)  and  the  motion  of  the  moon  in  its  orbit, 
and  the  force  of  attraction  and  orbital  motion  of  the  earth,  what 
will  be  the  precife  line  it  may  be  prefumed  to  deferibe  in  its 
courfe  ? 

Would  it  not  have  a  revolving  motion  during  fome  part  of 
its  courfe  ? 

What  are  the  calculations  by  which  we  may  be  enabled  to 
judge  that  3  or  5  times  the  velocity  of  a  cannon-ball,  at  the 
moment  of  projection,  would  enable  it  to  counteract  thefe  im¬ 
pediments  ? 

It  has  furprized  me,  that  the  numerous  late  publications  men¬ 
tioning  this  theory,  have  not  detailed  the  mathematic  proceifes 
by  which  it  feems  capable  of  heing  folved,  or  of  proving  it§ 
fallacy. 

I  hope,  Sir,  you  will  not  think  this  obtrufion  impertinent. 

You  obligingly  and  (Satisfactorily  complied  with  my  requeft  in  a 
note  concerning  Col.  Blaquiere’s  gun  to  throw  double  headed 
(hot ;  this  has  emboldened  me  to  exprefs  my  withes  on  the  fubjeCt 
of  this  letter.  But  I  do  not  with  to  have  my  ignorant  quehions 
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load  your  valuable  Journal,  though  I  (hall  feel  myfelf  much 
obliged  by  any  further  information  upon  this  head. 

I  remain.  Sir, 

Your  mod  humble  fervant, 

A  CONSTANT  READER. 
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Drawing  and  Defcription  of  a  Three- Furrow  Plough.  By  the 

Rev ,  EdmundCartwright,  of  Woburn,  Bedfordfhirc .* 

* 

To  CHARLES  TAYLOR,  Efq. 

Dear  Sir, 

I  ENCLOSE  you  a  certificate  of  the  performance  of  a  plough 
of  my  invention,  which  has  occafionally  been  at  work  through 
the  whole  fummer.  For  this  lad  fortnight,  it  has  been  ufed 
for  ploughing  in  wheat  under  furrow.  Though  a  very  ufeful 
indrument  at  all  times,  it  is  particularly  valuable  at  the  feed 
times,  and  the  turnip  feafon  ;  becaufe  at  thofe  times  it  fre¬ 
quently  happens  you  lofe  the  mod  favourable  opportunities, 
for  want  of  ability  to  execute  your  operations  with  fufficient 
di  (patch. 

I  need  not  calculate  to  you  the  faving  on  theufeof  this  plough, 
It  is  worked  (on  light  land  I  mean)  with  a  pair  of  horfes, 
without  a  driver.  A  pair  of  horfes  and  a  ploughman  cannot 
be  laid  at  lefs  than  8s.  per  day.  As  two  fets  of  thefe  are  faved, 
the  weekly  faving  by  the  ufe  of  this  plough  amounts  to  no  lefs 
than  4/.  16s. 

Ufeful,  however,  as  I  find  this  infirument  on  our  light  level 
lands,  I  am  not  fo  partial  to  it,  to  fuppofe  it  is  equally  calcu¬ 
lated  for  all  foils,  or  all  kinds  of  ground.  For  indance,  where 
the  ground  is  very  uneven,  or  the  ridges  are  narrow  and  deep, 
I  would  not  ufe  it;  neither  when  the  land  is  very  foul  with 
root  weeds.  In  all  thefe  cafes  a  tingle  plough  is  certainly  to  be 
preferred  :  but  in  all  cafes  where  the  ground  is  in  a  tolerable 
date  of  cultivation,  and  where  it  lies  reafonably  level,  it  will 
be  found  a  mod  valuable  acquisition.  , 

*  From  the  Tranfaftions  of  the  Society  of  Arts,  who  voted  him 
the  filver  medal,  A  model  is  placed  in  their  repofitory. 
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I  will  thank  you  to  communicate  this  letter,  and  the  certifi¬ 
cate  accompanying  it,  to  the  Committee  of  Agriculture;  and 
and  if  they  are  difpofed  to  think  favourably  of  this  invention, 
I  will  fend  you  a  model  for  their  infpedtion. 

I  am.  Dear  Sir, 

Your  very  obedient  fervant, 

edmund  Cartwright. 

Woburn ,  061,20,  1802. 


This  is  to  certify,  that  the  three-furrow  plough  invented  by  Certificate* 
the  Rev.  Edmund  Cartwright,  ploughs  a  furface  of  twenty- 
feven  inches  each  bout,  and  that  on  light  land  a  pair  of  horfes 
regularly  ploughs  three  acres  per  day  with  it  in  a  workmanlike 

manner.  ,  '  „ 

JOHN  DUCKITT,  as  Bailiff  to 

his  Grace  the  Duke  of  Bedford. 

WILLIAM  BAXTER,  Affjiant. 

June  21/?,  1802, 

Dear  Sir, 

YOU  herewith  receive  the  model  of  my  three-furrow  why  this  plough 
plough.  faves  P°wer* 

The  faving  of  hands,  and  confequently  of  expence,  in  a 
plough  of  this  kind,  is  obvious ;  but  why  there  fhould  be  a 
faving  of  power,  may  require  to  be  explained. 

I  need  not  obferve  to  you,  nor  to  any  man  who  confiders  the 
aftion  of  a  common  plough,  that  a  very  material  part  of  the 
labour  in  ploughing,  arifies  from  the  friction  of  the  land  fide  and 
the  foie;  of  the  one  again!!  the  fide  of  the  furrow,  of  the  other 
againft  the  bottom.  In  a  fingle  plough  a  certain  length  and 
width  are  required  in  thofe  parts  of  it,  to  make  it  go  fteady  ; 
and  even  then  the  effect  would  be  imperfectly  obtained,  did  not 
the  ploughman  aftift  by  the  leverage  of  the  handles  of  the 
plough.  Hence  it  is  clear,  that  the  lefs  difpofition  any  plough 
has  to  follow  the  draught  in  a  firait  line,  the  greater  is  the  labour 
of  working  it,  becaufe  the  ploughman  in  that  caie  is  to  exert  a 
greater  power  of  leverage  to  keep  it  fteady.  On  the  contrary, 
when  two,  three,  or  more  ploughs  are  combined,  they  ferve 
to  fteady  each  other,  and  require  comparatively  very  little 
power  of  the  lever  to  keep  them  in  a  ftrait  line.  Under  thefe 
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circumflances,  neither  the  firft  nor  fcconcl  plough  has  any  foie 
or  land-tide  whatever ;  and  even  the  third  does  not  require  to 
much  of  either  as  a  tingle  plough.  I  calculate  the  laving  of 
power  from  the  contideration  alone,  as  equal  at  leaf!  to  one 
plough.  What  farther  power  is  faved,  I  attribute  to  the  light- 
nefs  and  compa&nefs  of  the  inftrument. 

1  am  willing  to  think  the  timplicity  of  its  confiru&ion,  and 
the  manner  of  fixing  th<^  plough  (confiding  but  of  two  parts) 
to  the  beam,  will  not  etcape  your  obfervation.  When  the  cutter 
(for  as  it  is  both  coulter  and  fhare,  I  can  give  to  it  no  other 
tingle  name)  requires  to  be  fiiarpened,  or  new-laid  with  fieel, 
by  drawing  the  two  bolts  the  whole  is  fet  at  liberty. 

I  make  the  ploughs  to  fit  each  beam  indiferiminately ;  becaufe 
when  the  land  is  too  firong,  or  too  foul,  to  work  the  three,  I 
take  off  the  fecond  plough,  and  transfer  the  third  into  its 
place. 

You  will  obferve  the  centre  of  the  whiple-tree  fififts.  By 
this  contrivance,  the  power  of  the  horfes  is  equalized,  though 
they  may  be  unequal  in  firength,  the  longer  lever  being  given 
to  the  weaker  horfe. 

Should  the  Society  with  for  any  farther  information,  it  will 
give  me  pleafure  to  furnifii  them  with  it. 

I  am.  Dear  Sir, 

Very  truly  and  fincerely,  yours, 

EDMUND  CATWRIGHT. 

Woburn,  December  14,  1802. 

Charles  Taylor,  Efq. 

Deference  to  the  Engraving  of  the  Dev.  Edmund  Cart¬ 
wright's  Three- Furrow  Plough. — Plate  II.  Fig.  1,  2. 

Fig.  1 .  A  B,  the  two  wheels  of  the  plough,  the  wheel  B 
being  full  one-feventh  in  diameter  larger  than  the  wheel  A. 

C  D  E,  the  three  beams  of  the  plough,  of  which  C  is  the 
fhortefi  and  E  the  longeft  :  thefe  beams  are  fixed  in  the  firong 
crofs  piece  F,  at  equal  difiances  from  each  other,  and  braced 
by  another  crofs  piece  from  C  to  E. 

G  H  I,  the  three  cutters  which  anfwer  the  purpofe  of  both 
coulter  and  mould-board,  each  being  formed  together,  or  made 
of  one  piece  of  beaten  iron.  Each  cutter  is  ferewed  to  its  beam 
by  the  flanging-iron  K. 
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L  M,  the  two  handles  of  the  plough,  the  lower  extremities  Defcrlptlon  of 
of  which  are  fixed  in  the  two  outer  beams  C  E,  and  connected  wr^ju?sr^re£_ 
by  a  crofs  piece  N,  to  make  them  firmer.  The  handle  L  is  furrow  plough, 
longer  than  the  handle  M,  in  the  fame  proportion  as  the  beam 
C  is  fliorter  than  the  beam  E. 

O  P,  two  upright  pieces  of  iron  fixed  in  the  crofs  piece  F, 
having  two  holes  at  their  fummits  for  the  reins  to  pafs  through 
which  guide  the  horfes. 

S,  an  iron  bar  which  Hides  up  and  down  near  one  end  of  the 
crofs  piece  F,  to  raife  or  lower  the  wheel  A, 

Fig,  2.  Shows  a  detached  portion  oi  the  ltrong  crofs  piece 
F,  to  explain  the  manner  in  which  the  whiple-tree  fhifts  (R) 
are  fixed  in  front  of  that  crofs  piece,  fo  as  to  regulate  or  equalize 
the  powrer  of  the  horfes. 

S,  a  bar  of  iron,  the  lower  part  of  which  forms  the  axis  of 
the  wheel  A,  the  upper  part  Hides  in  a  groove,  in  the  crofs 
piece,  F,  and  has  holes  at  different  diftances.  It  may  be  re¬ 
tained  at  any  height  by  an  iron  pin  T,  which  paffes  through  the 
crofs  piece,  and  one  of  the  holes  of  the  iron  bar.  The  real 
plough  is  nine  feet  long  to  the  extremity  of  the  handles  and  6ach 
cutter  turns  a  nine-inch  furrow  ;  from  centre  to  centre  of  the 
beams,  being  nine  inches. 


VII. 

On  the  State  of  Science  among  the  earlier  Nations  of  Antiquity  ; 
and  move  e fpecially  of  thofe  llefear  cites  which  conjlitute  the 
Subjects  of  Alchemy.  In  a  Letter  from  E.  P. 

To  Mr.  NICHOLSON. 

Fofcommon ,  April  l,  1804. 

SIR, 

*■  4 

It  is  an  authenticated  fa£t,  that  much  of  our  late  fcientific  Reafons  for 
acquifition,  and  many  of  thofe  fafts  which  the  experimental 
genius  of  the  prefent  age  is  daily  bringing  to  light  as  original  ences  were 
difcoveries,  were  well  known  in  more  ancient  periods  of  the  known  to  anti 
world;  and  there  is  abundant  realon  for  fuppofing  that,  in  che-  ^ 
miflry  and  metallurgy,  the  philofophers  of  thofe  ages  were  fu- 
perior  to  thofe  of  the  prefent  day. 
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Bat  we  muff  mount  up  much  higher  than  what  are  called  the 
dark  and  barbarous  ages  of  modern  Europe,  or  even  ot  any  ot 
thofe  revolutions  in  the  Eaft  ot  which  hiftory  lias  tranfmitted 
any  detailed  accounts. — Science  had  began  to  decline  previous 
to  the  eariieft  hifforic  relation  which  is  extant,  and  there  ap¬ 
pears  fufficient  evidence  that  the  Greeks  and  Egyptians*  in 
their  hieroglyphics,  their  allegoric  devices,  and  in  their  my- 
thologic  myfteries,  which  they  had  blindly  received  from  their 
enlightened  predeceffors,  were  recording  for  pofterity  a  feries 
of  phyfics,  of  which  they  were  ignorant,  and  which  is  now 
gradually  unfolding. 

The  univerfal  rage  for  penetrating  into  the  fcience  of  ah 
chemy,  not  only  indicates  the  fcarcily  and  value  of  gold  in  all 
ages,  but  evinces,  I  think,  that  there  lias  always  exifted  fome 
tradition  of  fuch  a  tranfmutation  having  been  once  effected/ 

The  decompofition  of  water  into  different  gafes  was  cer¬ 
tainly  once  known;  and  our  recovery  of  that  fublime  phe¬ 
nomenon,  which  feems  the  key  to  the  great  laboratory  of  na. 
ture,  bids  fair  to  reffore  to  mankind  the  moft  important  fa<5ts 
which  have  lain  in  obfeurity  for  fo  many  centuries. 

Of  thefe,  alchemy  will  probably  be  one;  it  has  deeply  ex¬ 
cited  the  attention  of  fome  excellent  cliemiffs  in  this  ifland, 
with  whom  I  have  the  honour  of  being  connected:  of  any 
progrefs  we  may  hereafter  make,  you  fliall  be  immediately  ap- 
prifed;  and  if  you,  or  any  of  your  ingenious  correfpondents 
are  engaged  in  a  fimilar  courfe  of  experiments,  we  might  mu¬ 
tually  affift,  and  abridge  each  others  labours. 

I  have  the  honour  to  be, 

Your  fincere  friend  and  zealous  well- wittier, 

E.  P. 

P .  S.  A  feries  of  experiments  on  this  fubje6t  will  probably 
throw  contiderable  light  on  the  lunar  (more  properly  lunatic) 
(tones,  the  rational  phenomena  of  which  you  have  taken  fo 
much  laudable  pains  to  elucidate. 
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VIII. 

Defer  ipiion  cf  a  Machine  for  Clearing  great  Hoads  from  Mud. 

Communicated  to  the  Society  of  Arts,  by  the  Inventor  Dr.  John 

Winter  bottom,  of  Neivbury,  Berks*. 

In  a  dfcfcription  of  this  machine,  I  fhall  briefly  notice  Ihe  Machine  for 
five  principal  parts  of  which  it  is  compofed ;  the  frame,  the  frm^mudU^3 
feraper,  the  chain,  the  fledge,  and  the  pole;  becaufe  a  very 
accurate  model  accompanies  this  paper,  made  upon  the  ufual 
fcale  of  one  inch  to  a  foot. 

The  frame  (fee  Plate  I.  Fig.  1.)  confifts  of  two  pieces  of 
timber  AA,  which  at  one  extremity  are  formed  into  a  pair  of 
(hafts  BB,  and  at  the  other  are  ftrongly  united  by  three  tranf- 
verfe  pieces  C  D  E. 

The  feraper  F  is  placed  under  this  frame-work,  in  an 
oblique  direction,  at  an  angle  of  30°,  between  two  of  the  tranf- 
verfe  pieces  C  D,  and  confequently  forms  an  angle  of  150° 
with  the  line  of  draught.  By  this  pofltion  of  the  feraper, 
the  machine,  when  ufed,  actually  clears  itfelf  from  the  mud 
as  fail;  as  it  is  colle&ed,  and  removes  it  into  a  heap  on  one 
fide,  after  the  manner  of  a  plough. 

The  chain  G  is  connected  with  a  piece  of  iron-work  H, 
which  proje&s  from  the  lower  end  of  the  feraper;  for  here 
additional  power  is  required,  as  the  whole  body  of  the  mud, 
which  has  been  collected,  mult  pafs  off  by  this  extremity. 

Some  advantage  has  alfo  been  gained  by  making  this  end  of 
the  feraper  thorter  than  the  other. 

The  fedge  1 1  is  confiructed  upon  the  upper  part  of  the 
frame,  that  by  inverting  the  machine  it  can  be  tranfported 
without  injury  to  the  feraper,  over  the  moft  rough  and  flony 
roads,  or  pavements,  to  thole  places  where  its  ufe  is  par¬ 
ticularly  required. 

The  pole  K,  which  is  moveable,  ferves  the  purpofe  of  a 
rudder,  that  when  the  machine  happens  to  be  forced  by  any 
great  weight  of  mud,  or  folid  body,  of  earth,  &c.  from  its 
proper  direction,  it  can  be  eafily  reflored  to  its  former  pofl¬ 
tion  ;  and  it  may  alfo  be  obferved,  that  the  moderate  preflure 

*  To  whom  the  filver  medal  was  voted.  There  is  a  model  in 
the  Society’s  Repofitory. 
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of  the  hand  upon  the  pole  tends  to  make  the  machine  Ready j 
and  therefore  caufes  it  to  work  to  more  advantage.  In  the 
model,  the  pole  is  made  only  ten  inches  long,  inftead  of  fif¬ 
teen,  that  it  might  occupy  lefs  fpace  in  the  box.  The  plates 
in  front  of  the  feraper,  and  upon  the  fledge,  are  made  of 

caft-iron.  '  .  r  *  * 

Operation.  /  4,  t  FLV  . 

For  the  operation  of  the  machine,  two  men  and  four  h-orfei 
are  required  ;  one  man  to  drive  the  hdrfes,  and  another,  to  takd 
the  management  of  the  pole  and  the  direction  of  the  labour  . 
to  be  performed.  The  horfes  are  to  be  worked  double,  aS 
commonly  practifed,  two  being  employed  to  draw  by  (he. 
fhafts,  and  two  by  the  chain  above  deferibed.  But  the  mannet 
of  ufing  the  machine  will  be  belt  underflood  by  the  following 
Ik  etch.  Plate  I.  Fig.  3. 

The  firfl  progrefs  of  the  machine  marked  No.  1,  commenc¬ 
ing  from  the  arrow-mark,  will  remove  the  mud  in  a  line  to 
the  right ;  the  firfl  return.  No.  2,  will  remove  another  part 
of  it  to  the  left.  The  fecond  progrefs,  No.  3,  will  take  up 
what  is  left  by  No.  1,  befides  the  quantity  which  is  upon  the 
fpace  now  to  be  palled  over,  and  will  remove  it  all  to  the 
right.  The  fecond  return.  No.  4,  will  operate  in  a  fimilar 
manner  with  regard  to  No.  2,  and  remove  that  to  the  left. 
Thus,  by  four  lengths,  more  than  twenty  feet  wide  of  a  road 
can  be  cleared ;  and  this  has  been  frequently  performed  in  the 
pretence  of  feveral  perfons.  The  number  of  lengths  may  be 
increafed  at  pleafure,  according  to  the  width  of  the  road. 

In  the  neighbourhood  of  London,  where  there  is  inceflant 
travelling,  it  wrould  be  advifeable  to  ufe  two  machines  at  the 
fame  time,  one  immediately  following  the  other,  as  in  No.  \ 
and  3,  which  will  leave  a  fpace  fufficiently  wide  for  the 
large  ft  carriage  to  pafs,  without  difturbing  the  mud  already 
(craped  up. 

'There  is  one  advantage  in  the  operation  of  this  machine 
worthy  of  being  noticed,  which  is,  that  by  the  ufe  of  it  the 
road  is  made  more  even  and  fmooth,  the  fmall  holes  being 
filled  up  by  the  more  folid  parts  of  the  mud;  whereas,  wdieu 
roads  are  feraped  in  the  ufual  way,  by  hand,  all  tire  irregu¬ 
larities  are  increafed,  and  become  the  future  depofits  of  water; 
and  it  is  univerfally  known  that  thefe  puddles,  as  they  are 
called,  are  the  chief  caufe  of  the  deftru&ion  of  roads. 
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It  has  been  obferved,  that  (tones  are  fometimes  forced  up  Machine  for 
by  the  machine;  but  it  appears  to  be  thofe  only  which  pro- 
jedtin  luch  a  degree  as  to  be  dangerous  to  the  traveller,  and 
which  require  to  be  broken  for  the  more  effedtual  mending  of 
the  road. 

I  can  (ay  nothing  concerning  the  efFedl  of  the  machine 
upon  dufty  roads,  having  had  no  opportunity  of  trying  it  at 
that  leafon  of  the  year.  When,  indeed,  the  roads  are  watered, 
as  about  London,  there  is  no  doubt  but  a  great  quantity  of 
that  dirt  may  be  removed,  which,  in  a  few  hours  of  fcorch- 
ing  fun,  would  again  be  converted  into  a  body  of  dufl. 

If  it  fhould  be  objected,  that  the  machine  is  too  large,  and 
that  a  fmaller  one,  which  might  pafs  ever  half  the  fyace  of 
ground  that  this  does,  and  might  be  worked  by  two  horfes, 
would  be  better ;  I  muft  beg  leave  to  anfwer,  that,  in  my 
opinion,  with  a  lefs  one  there  would  be  much  labour  to  little 
purpofe;  becaufe  this  machine,  which  pafles  over  a  fpace  of 
about  fix  feet  and  a  half,  will  not,  in  fome  places,  when  the 
roads  are  very  wet  and  very  deep,  leave  more  than  three  feet 
clear,  the  mud  on  each  fide  falling  in  and  filling  up,  to  a  con- 
fiderable  extent,  the  fpace  already  paffed  over:  it  muff  there¬ 
fore  be  obvious,  that,  under  fimilar  circumftances,  the 
track  of  a  fmaller  one  would  almofl  inftantly  be  obliterated. 

Testimonials. 

I  am  fo  anxious  that  the  Society  fhould  have  ample  fatis- 
faction  on  this  head,  that  I  fhould  be  happy  if  they  would, 
before  finally  determining  on  the  utility  of  this  machine,  con- 
defcend  to  make  fome  inquiries  in  this  part  of  the  country, 
where  it  has  been  publicly  tried. 

I  can  how'ever  mention,  with  fome  pleafure,  that  feveral 
gentlemen,  adting  as  Commiffioners  of  the  Roads,  have  ho¬ 
noured  me  with  their  attendance  during  various  experiments; 
and,  having  witneffed  the  very  powerful  effedts  of  the  ma¬ 
chine,  they  have  given  it  their  public  approbation  at  the  lafl 
monthly  meeting,  when  the  following  entry  was  made  in  their 
minute-book  : — 

“  At  a  meeting  of  Truflees  of  the  London  and  Bath  roads, 
held  at  the  Globe  Inn,  Newbury,  on  Monday,  the  21  fi  of 
February,  1803.  At  this  meeting  were  prefent,  James  Croft, 

Efq. 
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Efq.  Frederick  Cowflad,  Efq.  Rev.  Thomas  Bed,  Mr.  Richard  x 
Baily,  Mr.  Thomas  Clark,  Mr*  John  Baily,  Mr.  Jofeph 
Tanner,  Mr.  Thomas  Pocock. 

Refolved,  that  the  machine  invented  by  Dr.  Winter- 
bottom,  for  fcraping  off  mud  from  turnpike  roads,  will  be  of 
public  utility,  and  fave  confiderable  expence  of  labour. ” 

After  this  public  teftimony  in  its  favour,  I  might  perhaps 
be  excufed  from  producing  the  certificates  of  a  few  indi¬ 
viduals:  it  will,  notwithftanding,  be  neceffary  to  give  fome 
eliimate  of  the  probable  faving  to  be  expedled  from  its  ufe. 

In  all  trials  made  previous  to  the  21  ft  of  February,  tin? 
machine  had  been  worked  upon  no  meafured  extent  of  ground; 
but  the  general  effedls  were  fuch,  that  feveral  perfons  of  great 
experience  in  the  management  of  roads,  rated  the  daily  work 
of  one  machine  only  as  equal  to  the  labour  of  fifty  or  feventy 
men  :  fifty  being  the  lowed  eftimate  ever  named. 

A  few  days  ago  I  drredled  fome  work  to  be  done  by  meafure; 
and  I  can  now  ftate  it  as  the  opinion  of  two  very  competent 
judges,  that  one  machine  will  clear  three  miles  in  a  day, 
twenty  feet  wide  (confiding  of  four  lengths,  and  making  the 
day’s  work  twelve  miles)  which  is  confiderably  more  than. 

120  men  can  do  in  a  day. 

f.  5.  d» 

120  men,  at  2s.  per  day  12  0  0 

Four  horfes  and  two  men  can  here 
be  hired  to  work  the  ma¬ 
chine  for  the  day,  at  -  1  5  0 

Difference  -  -  -  10  lo  0 

At  a  diftance,  where  carriages  run  principally  in  the  centre 
of  the  road,  the  chief  bulinefs  in  the  management  of  it  con- 
fifts  in  keeping  the  Tides  clear  and  open.  One  machine  may 
therefore  be  occafionally  employed  in  outfide  work  only;  that 
is,  may  go  fix  miles,  and  return,  (making  twelve  miles,  as 
juft  mentioned)  with  the  faving  already  given. 

Whatever  furprife  thefe  calculations  may  occafion,  the 
Society  will  perhaps  be  fatisfied  that  I  have  not  over-rated 
them,  when  I  produce  the  refult  of  a  fair  experiment,  made 
on  the  25 th  of  February,  in  the  prefence  of  four  tru flees 
(Frederick  Page,  Efq.  Francis  Page,  Efq.  Mr.  Thomas 

Clark, 
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Clark,  and  Mr.  John  Baily)  and  others,  by  which  it  appears.  Machine  for 
that  two  miles,  by  meafure,  on  the  road  to  Reading,  were^.1^1^®3'13 
cleared  from  mud,  to  the  extent  of  18  or  20  feet  wide,  by 
two  machines,  in  the  fpace  of  two  hours  and  a  half,  by  the 
watch  ;  and  the  work  was  judged  to  be  equal  to  the  labour  of 
more  than  eighty  men  in  a  day. 

The  fuccels  of  this  experiment  was  fo  fatisfadtory  to  the 
above-named  truflees,  for  I  was  not  prefent  on  the  occafiorl, 
that  they  directed,  without  my  knowledge,  the  remainder  of 
our  diftrict  on  this  road,  extending  feven  miles,  to  be  cleared 
in  the  fame  manner;  and  I  can  now  declare,  with  fome 
degree  of  pleafure,  that  this  was  adtually  completed  by  two 
machines  in  one  day,  viz.  on  the  following  day,  the  26th  of 
February.  Of  this  day's  work  I  have  heard  it  affirmed,  by 
an  experienced  furveyor,  that  it  could  not  have  been  done  in 
one  day  by  400  men. 

I  confefs  that  I  am  myfelf  unable,  from  the  want  of  prac¬ 
tical  knowledge  on  this  fubjedt,  to  form  a  comparative  eftimate 
between  the  work  done  by  this  machine  and  by  hand  :  I  have 
therefore  fought  for  information  from  perfons  of  refpedtable 
characters,  who  have  been  furveyors,  or  renters  of  roads  for 
many  years  :  and  I  have  been  allured,  as  well  by  thofe  who 
were  prefent  at  the  experiments,  as  by  others  who  examined 
the  reads  afterwards,  that  it  would  require  lixty  men  a  mile, 
to  do  the  work  in  one  day,  which  a  fingle  machine  will  ac- 
complifh  at  four  lengths;  and  it  has  been  already  fhown,  that 
three  miles  can,  without  difficulty,  be  cleared  in  a  day  :  one 
machine  will  therefore  do  the  work  of  one  hundred  and  eighty 
men.  But  I  have  taken  the  average  at  only  two  thirds  of  this 
eftimate,  viz.  at  forty  men  per  mile  infiead  of  fixty,  being 
more  willing  that  the  power  of  the  machine  fhould  at  prefent 
be  under-rated,  than  that  the  public  fhould  be  deceived  or  dif- 
appointed  concerning  it. 

'The  tru ft ees  of  the  London  and  Bath  roads,  being  defirous 
of  having  thefe  two  machines,  which  had  been  cpnftructed  on 
my  account,  and  under  my  own  infpedtion,  for  making  the 
experiments,  I  have  confenled  to  dilpole  of  them:  and  as  far 
as  I  am  now  able  to  judge,  the  price  of  a  machine  complete 
will  be  about  ten  guineas. 

Finally,  I  mult  beg  leave  to  advife  thofe  who  are  inclined 
to  make  a  trial  of  this  machine,  to  be  careful  whom  they  in- 
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tend  to  employ  in  the  confirmation  of  it ;  for  I  can  allure  them, 
that  it  is  not  diffident  to  attend  only  to  the  form  of  the  model  ; 
but.  it  is  abfolutely  neceffary  that  the  different  parts,  and  es¬ 
pecially  the  two  braces  behind,  fhould  be  firmly  put  together, 
otherwife  it  will  be  impoffible  for  it  to  withftand  the  force  that 
mud  fornetimes  be  exerted  upon  it  by  four,  or  perhaps  by  fix 
horfes.  The  feraper  may  be  made  of  beech  or  elm,  8zc.  but 
the  other  parts  ought  to  be  made  of  afli  ;  and  I  mud  par¬ 
ticularly  recommend  thefe  materials  to  be  well  feafoned  ;  all 
which  circumdances  were  minutely  attended  to  in  the  two 
machines  which  were  made  for  me  by  Mr.  Jofeph  Mofs,  of 
Greenham,  near  Newbury. 

JOHN  WINTERBOTTOM. 

Certidcates  from  Mr.  George  Goddard,  Greenham,  near 
Newbury,  Mr.  Francis  Page,  Mr.  Frederick  Page,  Mr.  John 
Baily,  and  Mr.  Thomas  Clark,  accompanied  the  above  paper; 
dating,  that  on  the  25th  of  February  lad,  two  miles  had  been 
cleared  in  two  hours  and  a  half,  by  two  of  Dr.  Winterbottom’s 
machines. 


Reference  to  the  Engraving  of  Dr.  Winterbottom’s  Ma¬ 
chine  for  Clearing  Roads  from  Mud. — Plate  I. 

Fig.  1,  A  A.  Two  pieces  of  adi  timber,  forming  at  one 
extremity  a  pair  of  diafts,  BB. 

CDE.  Three  tranfverfe  braces,  to  fee  lire  firmly  the  tim¬ 
bers  above-mentioned. 

F.  The  iron  plate,  or  front  of  the  feraper,  fixed  within 
the  braces  C  D,  at  an  angle  of  thirty  degrees,  extending  on 
the  further  fide  two  feet,  and  on  the  nearer  fide  one  foot  and 
a  half  beyond  the  timbers, 

G.  An  iron  chain,  one  end  of  which  is  faftened  to  the 
outfule  of  the  timber  A ;  the  other  end  of  the  chain  may  be 
moved  nearer  to,  or  further  from  that  end  of  the  feraper  which 
depofits  the  mud,  by  means  of  notches  in  the  iron  muzzle  H, 
fixed  to  the  feraper,  and  which  regulates  the  draught  of  the 
horfes  attached  to  the  ring  at  G. 

K.  The  pole,  or  handle,  to  be  made  fifteen  feet  long, 
which  paffes  through  the  drong  holdfads  in  <he  braces  CD. 
d'liis  pole  ads  as  a  lever,  as  the  feraper  may  be  raifed  or  funk 
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by  it,  at  pleafure.  The  perfon  who  holds  it  may  dire6t  the  Machine  for 
fcraper  in  its  proper  line,  and  aflift  it  in  overcoming  any  °b-  from  mudT^ 
flacles  it  may  meet  with  in  its  way,  or  in  giving  it  additional 
prefTure  where  neceflary. 

II.  Show  the  two  parts  of  the  machine  which  form  the 
feet,  or  fledge  part  of  the  machine,  on  which  it  Aides  when 
reverfed,  and  which  enable  it  to  be  removed  from  place  to 
place,  when  the  fcraper  is  not  in  life.  Thefe  feet  are  ftrongly 
fixed  to  the  timbers  A  A,  and  ftrengthened  by  a  tranfverfe 
brace  betwixt  them. 

L.  Is  the  iron  chain,  or  back  band,  which  lies  upon  the 
cart-faddle  of  the  horfe  in  the  fliafts,  and  which  fupports  the 
fliafts. 

Fig.  2.  Shows,  on  an  enlarged  fcale,  the  iron-work,  fixed 
on  the  outfide  of  the  fliafts,  to  which  the  chain  and  horfe  are 
attached. 

Fig.  3.  Defcribes,  in  a  fmall  extent,  the  track  ufually 
made  by  the  fcraper  in  a  large  way,  in  lour  rows,  commenc¬ 
ing  at  the  arrow  mark,  in  the  track  No.  1,  returning  after  it 
has  gone  any  length  required  by  the  track  No.  2,  proceeding 
again  by  the  track  No.  3,  and  forcing  the  mud  collected  by 
the  tracks  No.  1  and  3  to  the  right  fide  of  the  road,  and,  on  its 
return  by  the  track  No.  4,  depofiting  the  mud  of  the  tracks 
No.  2  and  4  on  the  left  of  the  road,  as  is  more  fully  defcribed 
in  the  preceding  account,  and  thus  clearing  from  mud  a  breadth 
of  road  twenty  feet  wide,  by  four  paflages  of  the  machine. 


IX. 

Defcription  and  Drawing  of  an  Hydraulic  Machine,  with  an 
Account  of  feveral  Inventions  of  early  Date,  which  have  been 
fince  brought  forward  by  later  Inventors.  Extruded  from  a 
Foreign  Work  publifhed  early  in  the  lafl  Century.  By  &  , 

Correfpondeut. 

To  Mr.  NICHOLSON. 

SIR, 

1  HAVE  lately  met  with  a  work  in  French,  entitled  Ttecueil  Account  of  the 

dy  Outrages  curieux  de  Mathematique  et  Mecanique,  ou  Defcrip- 

tion  du  Cabinet  dc  Monf.  Grollier  de  Serviere,  in  quarto,  Monf.  de  Ser- 

D  2  printed  Tier®* 
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printed  at  Lyons  in  1719.  The  book  is  divided  into  three 
parts,  the  firft  of  which  contains  curious  engravings  of  delicate, 
eccentric,  fwafli  and  rofe-work  turnery,  the  methods  of  pro¬ 
ducing  which  are  to  be  found  in  Moxon’s  Mechanic  Exercifes, 
and  in  other  later  works  on  that  fubjeft.  Upon  this  part  I 
(hall  make  no  other  remark,  than  by  demanding  of  your 
correfpondents,  whether  the  oval  chuck,  or  engine  for  turn¬ 
ing  ovals,  was  unknown  fo  late  as  the  period  above  fpecified. 
If  Monf.  de  Serviere  had  known  it,  I  (hould  fuppofe  he  would 
have  introduced  ellipfes  among  the  various  figures  he  has  ex¬ 
hibited.  The  fecond  part  of  the  work  confifis  of  clocks  or 
time-pieces,  more  remarkable  for  fome  Angularity  in  figure  or 
ftru&ure,  than  any  improvement  in  the  art  of  meafuring  time; 
and,  the  third  part  contains  models  of  hydraulic  machines, 
with  fome  engines  for  military  and  other  purpofes.  Many  of 
the  hydraulic  machines  appear  better  calculated  to  be  (hewn 
in  a  model,  than  carried  into  effect  on  a  larger  fcale,  and, 
among  the  other  engines,  I  fee  nothing  which,  at  the  prefent 
day,  would  much  conduce  to  the  entertainment  of  your  readers. 
I  have,  therefore,  fent  you  a  drawing  of  the  hydraulic  engine 
exhibited  in  his  49th  plate,  and  after  the  defcription,  I  will 
mention  a  few  other  obje6ls  which  have  been  thought  of  more 
modern  invention. 

In  Plate  IV.  Fig,  2.  A  and  B  reprefent  two  folid  pinions 


chin*  defcribed.  made  in  wood  or  metal,  and  occupying  all  the  interior  fpace 
pinion  working0  °f  ^ie  ova^  box  or  chamber  CD;  in  which  they  turn  freely 
in  an  elliptical  and  take  into  each  other.  The  chamber  C  D  is  to  be  well 
and  folidly  made,  having  an  opening  below  at  D,  as  in  the 
figure,  andalfoat  E,  where  the  aperture  correfponds  with  the 
bore  of  a  pipe  F,  applied  and  fixed  to  the  fame.  Every  other 
part  is  well  clofed  and  fecured.  Fig.  3,  reprefents  the  cover 
or  cap. 

This  chamber  is  properly  fixed  under  the  water  of  the  well, 
or  cittern,  out  of  which  the  fupply  is  to  be  obtained,  and  in 
this  fituation,  the  elbow  or  handle  G,  Fig.  1.  Plate  IV.  is  fixed 
on  the  fquare  of  the  axis  A.  This  handle  is  conne&ed  with 
another  H,  by  the  iron  Hiding  piece  I,  which  moves  upon 
the  fixed  pin  K,  and  obliges  its  two  extremities  conttantly 
to  move  alike.  Whenever  therefore  the  handle  H  is  turned 
by  the  firft  mover  M  L,  the  other  arm  G  mutt  alfo  revolve  to¬ 
gether  with  its  pinion,  and  by  confequence  the  other  pinion  B. 

When 
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When  the  two  pinions  turn  (fo  that  their  upper  teeth  may  Its  aftion. 
conflantly  approach  each  other,  while  the  lower  recede,) 
the  water  which  lies  between  their  teeth  in  the  lower  part  D 
of  the  chamber,  will  be  carried  round  till  it  arrives  at  the 
part  C,  where  it  will  be  comprefled  by  the  continual  augmen¬ 
tation  of  water,  which  is  brought  thither  between  the  teeth, 

(or  rather  by  the  perpetual  diminution  of  the  fpace  between 
the  two  uppermoft  teelh  that  touch  ihe chamber).  So  (hat  the 
fluid  will  enter  the  pipe  F,  and  be  forced  to  the  intended 
place. 

Thus  far  I  have  tranflated  from  Monf.  de  Serviere.  The  Remarks  on  the 
machine  appears  to  be  ingenious,  and  though  liable  to  the  s 
objections  of  wear  which  you  very  properly  urged  againfl  the 
fchemesof  O.  B.  and  others*,  feems  preferable  to  them  in  feveral 
refpeCts.  I  think  it  w  ould  be  an  improvement,  to  caufe  the  axis  A 
and  B  to  drive  by  a  connection  of  external  wheel-work,  inflead 
of  depending  upon  their  interior  teeth,  which  require  to  be  well 
figured  and  fitted,  and  kept  fo,  by  not  loading  them  with 
preflure  of  one  furface  againfl:  the  other.  It  teems  fcarcely 
neceflary  to  remark,  that  we  have  better  methods  ol  connec¬ 
tion  for  work  at  a  diftance  in  our  cotton  gear  and  elfewhere, 
than  the  Aiding  piece  I ;  and  laflly,  I  w?ould  propole  it  as  a 
mathematical  exercife  to  determine  the  law  ot  the  velocity  ol 
the  fluid  through  F,  when  the  rotation  of  the  machinery  is 
uniform. 

Among  the  machines  w'hich  I  believe  have  been  confidered  P'-I  engines rc- 
as  of  later  date,  but  are  found  in  this  wrork,  are  the  engine 
mentioned  in  Defaguliers,  for  railing  water  by  a  lofing  and  Lofmg  and  gain- 
gaining  bucket,  and  regulated  by  a  fly  ;  the  chain  pump,  for  cJak!  pump, 
which  Cole  had  a  patent,  but  which  is  known  to  have  been 
of  very  ancient  ufe  in  the  Chinefe  Empire  ;  the  horfe  mill  Adam  Walker  * 
worked  by  the  wheels  of  a  carriage,  as  lately  propofed  by  the 
ingenious  Adam  Walker;  and  the  gouty  chair  ol  Merlin, 
worked  by  two  fmall  handles  connected  with  a  pair  ol  fmall 
wheels  attached  to  the  fore  feet. 

I  am.  Sir,  with  efleem. 

Your  obliged  Reader, 

R,  B. 

*  Phil  of*  Journal.  Quarto  feries.  IV*  468* 
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An  Examination  of  Dr.  Wollajlon’s  Experiment  on  his  Perifcoptc 
Spectacles.  By  Mr.  William  Jones,  F.  Am.P.  S, 

To  Mr.  NICHOLSON. 

SIR, 

Preliminary  ob*  1  HE  inferences  that  Dr.  Wollafton  has  thought  it  bell  to 
publitli  in  your  laft  month’s  Journal,  intlead  of  a  direct  reply 
to  my  refutation  of  his  new  principle  of  fpe&acle  glades,  are 
of  themfelves  tufficient  to  convince  any  impartial  perfon  of  the 
validity  of  the  objedtions  advanced  by  me  in  your  preceding 
Journal;  and,  notwithftanding  an  extraordinary  experiment 
he  has  therein  related,  as  made  only  by  himfelf,  I  fhould  not 
have  thought  it  requifite  to  trouble  your  readers  again,  but 
for  the  unfounded  imputation  that  he  has  declared  againtl  me, 
that  of  having  by  an  experiment  deceived  myfelf.  I  trull,  Sir, 
I  may  be  allowed,  in  contradiction  to  this,  to  oblerve,  that, 
after  more  than  20  years  experience  in  the  practice  of  my  pro- 
feffion,  fuch  as  daily  adminiftering  to  decayed  vifion,  and 
employment  in  the  conftrudtion  of  all  kinds  of  optical  in- 
Itruments,  I  fhould  not  be  acquainted  with  all  the  various 
properties  of  lenfes,  fingly  or  combined,  and  efpecially  of  fo 
limple  and  well  known  a  form  of  lenfes  as  adopted  by  him, 
is  an  idea,  that  I  am  confident  he  will  not  be  able  to  imprefs 
upon  the  minds  of  the  public.  I  fuggelted  no  new  experi¬ 
ment,  nor  was  any  one  wanting  ;  the  definitive  laws  I  ad¬ 
duced,  were  contained  in  the  works  of  the  bell  writers  on 
optics,  and  were  fufficient  to  evince  the  want  of  originality 
and  improvement  of  his  menifcus  fliaped  lens.  In  relpedt  to 
the  experiment  by  which  he  attempts  to  inforce  a  proof  of  an 
advantage  in  his  fpe6tacles,  its  value  will  be  known  by  the 
follow  ing  account  of  a  repetition  of  it. 

Experiment  with  I  am  polfelfed  of  a  pair  of  his  perifcopic  glafies,  mounted 
a  pair  of  perifco-  ;n  a  fingle  fieel  frame,  which  coft  10s.  6d.  The  glalfes,  I 

compared  with  a  niuft  obferve,  are  different  to  his  propofed  form,  having  of 
pair  of  the  ufual  each,  the  inner  fide,  or  that  next  to  the  eye  fo  little  incurvaled, 
conftru&ion.  by  any  perfon  but  an  optician,  they  would  be  called  piano 

convexes.  The  focus  is  four  inches,  the  lame  as  ufed  by 
Dr.  Wollalton  in  his  experiment.  In  a  limilar  mounting^ 

with 
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with  double  convex  glades  ol  the  fame  diameter  and  focus, 

I  provided  a  pair  of  our  own  manufacture,  and  as  fold  by  us 
at  3s.  6d.  Thefe  two  pair  ot  (pectacles  were  attentively 
compared  together,  by  myfelf  and  feveral  judicious  and  im¬ 
partial  per  Ions,  in  the  manner  as  dated  by  Dr.  Wollafton  of 
his.  The  refult  was  as  follows. 

The  convex  glatfes  being  applied  as  clofe  as  podible  to  the  Refult.  With 
eyes,  with  the  frame  attached  to  the  head,  the  print  of  a  large  C°n  » 

quarto  page  was  viewed  through  them,  at  a  diftance  for  diftinct  Extent  of  dif- 
vifion  at  their  centres,  the  letters  at  the  didance  of  about  25  iin.cXvl^,n* 
lines,  appeared  quite  didinCl  or  well  defined;  giving  the  axis 
of  the  eyes  a  little  obliquity  to  diferiminate  more  lines,  an  indif- 
tinClnefs  or  confufion  of  letters  commenced,  increafing  to¬ 
wards  the  extremity  of  fight,  and  from  the  lateral  aberration 
of  the  lenfes,  the  letters  were  tinged  with  the  prifmatic 
colours.  Keeping  the  head  fixed  in  the  fame  portion,  the  with  the  perif- 
perifcopic  glades  were  fubdituted.  The  extent  of  didinft  C0P1C  Slafles> 
letters  without  didortion  was  nearly  as  great,  but  the  coloured  more  colour, 
letters  were  evidently  nearer  to  the  centre,  and  more  numerous 
than  by  the  other  glades.  By  inclining  the  axis  of  the  eyes 
dill  more  than  in  the  former  cafe,  or  looking  extremely  afquint 
through  the  glades,  a  greater  extent  of  lines  was  obferved, 
but  blended  with  colour  and  confufion.  The  optic  nerves 
felt  a  fenfible  irritation,  evidently  from  the  fquinting  pofition 
of  the  eyes,  a  refra&ion  of  many  fuperfluous  rays,  and  the 
confequent  increafed  and  unufual  magnitude  of  the  images  on 
the  retina.  The  pain  in  the  eyes  mentioned  by  Dr.  Wolladon, 
mud  have  arifen  only  from  this  circumdance,  and  not  from  the 
one  he  represented  it  to  be.  By  a  trial  of  the  old  menifeus  Trial  of  another 
giafs  I  before  mentioned,  which  is  of  four  inches  focus,  and  menifeus. 
corresponds  with  what  he  has  a  patent  for,  in  comparifon  with 
one  of  the  above  piano  convexes,  the  view  of  letters  was  dill 
more  extended,  but  illegible  and  with  much  colour,  and  like 
the  others  towards  the  extremity,  of  no  fort  of  ufe  for  the 
purpofes  of  vifion.  Now  all  this  is  conformable  to  the  laws 
of  optics,  and  manifeds  a  property  different  to  that  advanced 
by  Dr.  Wolladon. 

Thefe  feveral  glades  are  alfo  at  the  public  fervice  for  in- 
fpe&ion  in  our  diop  in  Holborn. 

By  making  the  glades  of  the  above  perifcopic  fpedacles  Concluding  re- 

nearly  pianos,  Dr.  Wollafton’s  principle  is  dedroyed,  and  my  mdl  s' 

opinion 
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opinion  evidently  verified  ;  that  the  nearer  a  menifcus  ap-* 
proaches  to  a  piano,  the  more  perfedt  it  will  be,  as  the  (pherical 
furface,  for  the  fame  focus,  is  diminifhed,  and  confequently 
the  aberration  befides;  admitting  that  there  w'ere  an)  advantage 
defirable  from  a  great  obliquity  of  the  axis  of  the  eyes  to 
thole  of  the  minifcus  lliaped  fpedtacle  glalfes.  I  would  alk, 
for  wdiat  reafon  has  man  his  head  moveable  ?  was  it  not,  that 
he  fhould  place  his  eyes  diredtly  before  the  objedt  to  be  viewed, 
and  not  fubjedt  himfelf  to  fallacious  ideas  of  them,  by  an 
aukward  and  revolutionary  fquinting.  From  what  I  have 
advanced,  I  doubt  not  of  the  public  decifion,  (from  a  fair 
comparifon  of  the  two  kinds  of  fpedtacles)  in  favour  of  the 
effablilhed  double  convex  fpedtacle-glaffes,  for 

‘‘  Magna  eft  veritas  et  pr&valebit.” 

I  am,  Sir, 

Your  refpedlful  humble  Servant, 

W.  JONES. 

Ilolborn ,  Apj'il  10,  I80L 
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Experiments  and  Obfervaiions  on  the  Change  which  the  Air  of  the 
Atmofphere  undergoes  by  Refpiration,  particularly  with  Regard 
to  the  Abforption  (f  Aitrogen.  In  a  Letter  from  Alexander 
Henderson,  M.  D. 


SIR, 


To  Mr.  NICHOLSON. 


Whether  nitro-  I  TAKE  the  liberty  of  communicating  to  you  a  brief  detail 

gen  be  abforbed  0f  f0me  experiments  on  refpiration,  which  were  undertaken 
in  refpiration.  .  r. 

chiefly  with  a  view  to  determine  the  ablorption  or  non-ab- 

forption  of  nitrogen ,  a  point  which  has  been  hitherto  much 

controverted,  but  which  I  flatter  myfelf  to  have  now  fuf- 

ficienlly  afcertained. 

The  gafometer.  Thefe  experiments  were  performed  by  means  of  a  gafo- 
meter,  capable  of  containing  about  2200  c.  inches,  and  gra¬ 
duated  fo  as  to  ftiew  a  difference  of  2  c.  inches.  In  breathing 
from  this  apparatus,  the  inconveniences  from  fridlion  were  very 
inconfiderable.  Towards  the  end  of  the  experiment,  how- 

,  ever, 


ABSORPTION  OF  NITROGEN. 


41 


ever,  when  the  air  in  the  gafometer  became  vitiated,  and  the 
refpirations  fuller  and  quicker,  fome  di (agreeable  effects  were 
experienced  from  the  fmallnefs  of  the  breathing  tube,  and 
from  it  becoming,  in  fome  meal ure,  choaked  by  the  vapor 
from  the  lungs,  which  was  condenled  in  it. 

After  doling  the  noftrils,  and  making  a  forced  exhauff  ion  Method  of  re- 
of  the  air  in  the  lungs,  a  full  infpiration  was  made  of  the  P'nn^* 
atmofpherical  air  in  the  gafometer,  and  this  infpiration  as  well 
as  the  fubfequent  expiration,  was  mealured,  by  means  of  the 
graduated  feale.  The  air  of  the  gafometer  was  then  refpired 
as  long  as  poliible,  and  till  the  oppreflion  about  the  cheft  be¬ 
came  lo  great  as  to  oblige  the  experimenter  to  delift,  and  before 
clofing  the  Itopcock,  and  feparating  the  tube  from  the  mouth, 
the  magnitude  of  the  laft  full  infpiration  and  expiration  was 
accurately  obferved. 

In  all  our  experiments,  the  bulk  of  the  atmofpherical  air  and  general 

was  confiderably  diminilhed  by  refpiration,  the  quantity  that 

difappeared  varying  from  five  to  eight  c.  inches  per  minute. 

This  diminution,  however,  is  partly  to  be  attributed  to  the 

condenlation  of  the  oxigen  gas,  when  converted  into  carbonic 

acid  gas,  in  which  form  its  bulk  is  diminilhed  about  one  fourth. 

In  order  to  obviate  any  objections  that  might  apparently  arife 

from  the  difference  of  the  infpirations  and  expirations  at  the 

commencement,  and  at  the  conclufion  of  the  experiments, 

they  were,  as  we  have  already  mentioned,  carefully  noted  ; 

and  if  any  difference  did  occur,  it  was  deducted  on  the  fide 
•  » 

where  the  preponderance  took  place. 

In  proceeding  to  examine  the  chemical  qualities  of  the  air,  Eudioraetrical 
confiderable  difficulties  were  at  firfi  experienced  for  want  0f  examination, 
an  accurate  eudiometer.  Several  trials  were  made  with 
nitrous. gasy  which  affords  the  molt  eafy  and  expeditious  mode  Nitrous  gas 
of  analyling  atmofpherical  air.  But,  independent  of  the  in-  excepdonable. 
accuracies  which  may  arife  from  the  number  of  veffels  it  is 
neceffary  to  have  recourfe  to  in  employing  it,  this  tefl  is 
liable  to  ftill  greater  objections,  from  differences  in  its  degree 
of  purity,  from  its  abforbing  a  portion  of  nitrogen,  and  from 
its  combining  with  a  greater  or  lefs  proportion  of  oxigen,  ac¬ 
cording  to  the  diameter  of  the  veffels  employed,  the  length  of 
time  which  it  is  allowed  to  remain  in  contact  with  atmof- 
phericai  air,  and  the  degree  of  agitation  ufed  in  mixing 
them. 

ThQ 
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Seguin’s  eudio-  The  eudiometer  with  phojphorus ,  as  recommended  by  Seguin, 

phorurobjedted^  *s  ^  no  means  *ree  from  thefe  drfadvantages.  It  is  fubjedt  to 
to  5  the  fame  inconveniences  as  the  nitrous  gas,  with  refpedl  to  the 

frequent  change  of  veffels;  and,  if  we  may  credit  the  ob- 
fervations  of  V.  Humbold,  is  liable  to  feveral  fources  of 
fallacy  from  the  different  proportions  of  oxigen,  which  the 
phofphorus  abforbs,  and  from  its  combining  alfo  with  nitrogen. 
A  portion  of  carbonic  acid  may  alio  be  generated,  if  the  phof¬ 
phorus  be  not  perfedtly  free  from  impurities.  The  eudiometri- 
cal  tell,  which  has  been  lately  recommended  by  Davy,  viz. 
and  alfo  the  im- a  folution  of  the  pale  fulphute  of  iron ,  faturated  with  nitrous 
phateof  Davy".  gas*  IS  not  altogether  exempt  from  the  inconveniences  which 
attend  the  ufe  of  the  latter  fubllance,  and  has  the  additional 
objection,  that  a  portion  of  nitrogen  is  generally  difengaged 
from  the  folution,  after  the  abforption  of  oxigen  is  com¬ 
pleted. 

Sulphuret  of  The  fulphurets  of  alkalies  and  lime  have  hitherto  been  re- 
alkali  orhme  grar(jed  as  among  the  moft  accurate  tefls  of  the  purity  of  at- 

very  flowly  j  mofpherical  air.  They,  however,  abforb  oxigen  but  flowly, 
and  feveral  days  may  elapfe,  before  the  abforption  be  com¬ 
pleted.  It  is  therefore,  in  general,  necelfary  to  have  recourfe 
to  complicated  and  uncertain  calculations,  in  order  to  adjufl 
the  refult  of  the  experiment  to  the  variations  of  the  turrounding 
and  are  not  com-  atmofphere.  To  remedy  this  obje&ion  to  their  ufe,  the  ap- 
in^his  refpe^by  plication  of  heat  was  propofed  by  Guyton,  by  which  means  a 
heat.  fpeedy  abforption  was  effected  ;  but,  betides,  that  fome  dif¬ 

ference  of  the  product  may  refult  from  the  method  employed, 
the  apparatus  itfelf  is  objectionable,  from  its  fize  and  in¬ 
equality  of  dimenfions. 

The  apparatus  of  Luckily  for  the  progrefs  of  eudiometrical  fcience,  thefe 

Dr.  Hope  affords  0j^acies  t0  the  attainment  of  an  accurate  knowledge  of  the 
great  advantage.  .  _  ° 

conflituents  of  the  atmolphere,  feem  to  be  now,  in  a  great 

meafure,  removed,  by  the  invention  of  an  apparatus  by 

Dr.  Hope,  which  unites  the  advantages  of  neatnefs  and  fim- 

plicity  with  thofe  of  extreme  accuracy  and  expedition,  and 

of  which  you  have  already  given  a  very  full  delcription  in 

your  Journal*.  In  the  trials  which  I  have  made  with  this 

inftrument,  the  fubffance  found  to  anfwer  bed  as  a  teft  of  the 

Sulphuret  of  atmofpherical  air  was  the  Julphurtt  of  lime,  which  is  more 
lime  was  ufed. 


*  Vo!.  VI.  pages  61.210, 


readily 

4 


43 


ABSORPTION  OF  NITROGEN. 

readily  decompofed  than  the  fulphuret  ol  potato,  and  is 
confequently  better  adapted  for  the  purpofe  of  expedition. 

In  raoft  of  the  experiments,  the  abforption  was  finitoed  in, 
about  twenty  minutes,  if  fuflicient  agitation  had  been  em¬ 
ployed.  The  only  objection,  to  which  the  above  left  may  notap, 

feem  liable,  is,  that,  according  to  fome,  it  ablorbs  a  Imall  £-ltrogen# 
proportion  of  the  nitrogen,  as  well  as  the  oxigen  of  the  at- 
mofphere.  This  opinion,  however,  does  not  appear  to  be 
well  founded,  for  in  feveral  of  our  experiments,  where  the 
quantity  of  oxigen  abforbed  appeared  to  be  unulually  final!, 
and  where  the  agitation  was  continued  for  a  much  longer 
time  than  neceffary,  no  perceptible  alteration  in  the  bulk  of 
the  air  was  obferved  *. 

The  method  of  proceeding  in  the  analyfis  of  the  air,  was  They rocefs, 
briefly  as  follows  :  after  having  afcertained  the  puny  o  i  e  amjnat*ion  0f  tjjC 
atmofpherical  air  by  means  of  the  eudiometer  above-men- air, 
tioned,  and  knowing  the  exadl  bulk  of  the  air  contained  in  the 
gafometer,  the  total  quantities  of  oxigen  and  hidrogen  in  it 
were  calculated  by  a  very  fimple  procefs.  This  air  was  then 
refpired,  and  its  diminution  marked  as  has  been  alread)  de- 
fcribed.  After  refpiration,  a  portion  of  it  was  introduced  re- 

into  the  eudiometer,  and  its  carbonic  acid  was  abforbed  by 
means  of  lime  water,  (for  which  the  above-mentioned  in- 
flrument  was  found  extremely  convenient).  Freed  from  the 
carbonic  acid,  the  air  was  now  fubje&ed  to  the  adtion  ot  the 
fulphuret  of  lime,  and  the  relative  quantity  of  nitrogen  con¬ 
tained  in  it  was  thus  difcovered.  Then,  by  dedu&ing  the 
quantity  of  carbonic  acid,  and  of  oxigen  gas,  contained  in 
the  air  of  refpiration,  from  the  total  quantity  that  lemained 
after  refpiration,  we  procured  the  proportion  of  nitrogen, 
which  abftracted  from  the  total  quantity  before  refpiration, 
gave  the  proportion  of  nitrogen  abforbed.  Thus,  let  a  le- 
prefent  the  original  quantity  of  nitrogen  ;  b  the  carbonic  acid, 
and  c  the  oxigen  of  the  air  of  refpiration,  and  M  the  bulk  of 
the  refidual  air;  M-b+c=n,  or  refidual  nitrogen,  and 

a — 'n— x  or  nitrogen  abforbed. 

Experiment  I.  June  16,  1303. 

600  c.  inches  of  atmofpherical  air  were  refpired,  for  four  Exp.  i,  2,  3. 

c  noQ  The  bulk  or 

minutes,  at  the  temperature  oi  63  .  nitrogen  abforbed 

*  De  Marti  is  of  opinion  that  the  hidrogenated  fulphurets  ab-  m  refptrati  n 
forb  nitrogen  only  when  recently  formed.  Vide  Journal  de  Phyfique.  ^ Sthe°wholet°or 

Tom.  LIII.  p.  176. 

Before 
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about  i-32d  of  Before  refpiration,  100  parts  contained  of 
ifee  mtrojjcn.  0xigen  ....  .22 

Nitrogen  -  -  -  -  .78 

After  refpiration,  quantity  diminiflied  to  570  c.  inches, 
100  parts  found  to  contain  of 

Carbonic  acid  ...  .07 

Oxigen  -  -  -  -  .14 

Nitrogen  -  -  -  .79 

570  — 39.7+80=450.3. 

468  —  450.3  =  17.7  c.  inches  or  quantity  of  nitrogen 

abforbed. 

Experiment  II.  June  18,  1803. 

600  c.  inches  atmofpherical  air  were  relpired,  for  four 
minutes,  at  the  temperature  of  64p. 

Before  refpiration,  100  parts  contained  of 

Oxigen  ....  ,22 

Nitrogen  -  -  -  -  .78 

After  refpiration,  quantity  diminiflied  to  570  c.  inches, 
100  parts  found  to  confift  of 


Carbonic  acid 

.08 

Oxigen 

-  .12 

Nitrogen  - 

.80 

Quantity  of  nitrogen  abforbed,  therefore,  =12  c.  inches. 


Experiment  III.  February  11,  1804. 

1000  c.  inches  atmofpherical  air  were  refpired  for  the 
fpace  of  4|  minutes,  at  the  temperature  of  57°.  Barometer 


=28,78. 


Comparative  re¬ 
marks  on  thefe 
experiments  and 
thole  of  Davy. 


Before  refpiration,  100  parts  contained 

Oxigen  ....  .22 

Nitrogen  -  -  -  -  .78 

After  refpiration,  quantity  diminiflied  to  962  c.  inches. 
After  refpiration,  100  parts  contained 

Carbonic  acid  ...  .07£ 

'Oxigen  -  -  -  -  .13 

Nitrogen  -  .79f 

Quantity  of  nitrogen  abforbed,  therefore,  —  15.1  c.  inches. 
Thefe  different  experiments,  (which  I  have  felefted  from 
among  many  others)  agree  in  the  general  refult,  viz.  that  a 
portion  of  nitrogen  is  abflracled  from  the  atmofpherical  air, 
by  the  blood  in  its  paffage  through  the  lungs,  although  the 

amount 
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amount  is  fomewhat  lefs  than  has  been  ftated  by  Davy,  who 
makes  it  equal  to  about  5  c.  inches  per  minute.  Yet  I  am 
inclined  to  think,  that  this  is  more  a  difference  in  appearance 
than  reality ;  for  if  we  confider  that  the  moll  of  Davy’s  ex¬ 
periments  give  the  refult  of  the  changes  produced  on  the  air 
by  a  tingle  infpiration,  or  by  a  fmall  number  of  refpirations, 
while  in  the  experiments  juff  defcribed,  a  large  portion  of  air 
was  breathed  for  a  contiderable  length  of  time,  fo  as  to  be¬ 
come,  at  laff,  unfit  for  the  due  performance  of  refpiralion; 
it  is  probable  that  the  blood  could  no  longer  produce  the  fame 
alterations  in  its  properties,  that  took  place  when  a  purer 
almofphere  was  infpired.  It  is  alfo  natural  to  fuppofe,  that 
the  quantity  of  air  confumed  in  refpiration  varies  in  different 
perfons,  and  in  the  fame  perfon  at  different  times.  An  ap¬ 
proximation  to  the  truth,  therefore,  is  all  that  we  can  expedt 
to  obtain  in  the  determination  of  this  queffion  ;  and  we  muff: 
reft  fatisfied  with  the  knowledge  of  the  important  fact,  that 
nitrogen  is  abforbed  by  the  human  body  in  refpiration. 

The  ftriking  uniformity  in  the  analyfis  of  the  atmofpherical  Dr.  T'nompfon 
air,  by  means  of  the  fulphuret  of  lime,  occurred  alfo,  as  I  phire^of  limea 
have  with  pleafure  obferved,  to  Dr.  Thompfon  in  the  nu- very  excellent 
merous  trials  which  he  has  made  on  this  fubjedt ;  and  furnifhesteft* 
a  moft  interefting  problem  for  the  inveftigation  of  the  chemift 
and  natural  philofopher. 

I  am,  with  much  Refpedt, 

Sir, 

Your  moft  obedient  Servant, 

AL.  HENDERSON,  M.  D. 

Edinburgh, 

Jpril  12,  1804. 


Observations 


46 


EXPERIMENTS  ON  CHRONOMETERS. 


XII. 

Observations  and  Experiments  tending  to  afeertain  the  Caufes  oj 
thofe  Irregularities  in  Chronometers ,  which  arc  generated 
during  confiderahlc  Intervals  of  Time ,  and  have  been  aferibed 
to  external  Caufes.  By  Mr.  John  Haley,  Jan. 

To  Mr.  NICHOLSON. 

SIR, 

Having  feen  in  the  lad  number  of  your  very  ufeful 
Journal  fome  remarks  on  chronometry,  I  have  thought  the 
accompanying  obfervations  might  not  be  unacceptable.  If 
you  fliould  confider  them  worthy  of  infertion,  I  fliall  take 
the  liberty  of  communicating  the  refults  of  fome  experiments 
I  am  now  making  in  the  fame  line. 

I  am.  Sir, 

Your  mod  obedient  and  humble  Servant, 

JOHN  HALEY. 

March  29,  25,  Cleveland  Street , 

I  gQ4#  Fitzroy  Square. 

Latent  caufes  of  MY  defign  in  writing  the  following  pages  is  to  develope 
error  5n  t  me-  certain  latent  caufes  of  error,  and  their  mode  ol  operation* 
P‘eces-  which  have  been  found  in  a  greater  or  lefs  degree  to  aded 

every  machine  hitherto  condruded  for  meafuring  time. 

If  the  errors  of  It  is  certainly  the  part  of  a  watch-maker  to  fearch  for  and 
the  machine  be  rem0ve  every  mechanical  caufe  that  may  a  fled  the  going  oi 
fweignea^fes,  his  machines,  before  he  hadily  concludes  that  the  caufes  of 
improvements  thofe  errors  which  are  generated  in  a  length  of  time,  (and 
which  have  efcaped  his  notice,)  are  foreign  to  its  drudure  ; 
fuch  as  the  influence  of  the  oil,  the  varying  different  denfity 
of  the  atmofphere  in  which  the  wheels  move,  &c.  For 
fuch  opinions  when  once  adopted,  mult  greatly  tend  toflacken 
his  purfuits  and  put  a  flop  to  his  hope  of  farther  improve¬ 
ment. 

That  thefe  foreign  caufes  do  in  fad  produce  errors  dtferving 

much  notice  in  the  bed  adjuded  time-keepers  is  probably  an 

r,tan  'mafhtoM  erroneous  notion.  For  if  fo,  how  could  fo  many  of  different 

hav7p™formed  conftruaions  have  been  found  to  perform  for  very  long  periods 

wonderfully  we  b  0f  f;me  ex  poled  to  all  thefe  caufes,  with  a  wonderful  degree 
while  fubjedl  to  * 

their  a£t<on. 


will  ceafe. 


The  foreign 
caufes  are  of 
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of  accuracy.  Indeed  Mr.  Cumming,  in  his  treatife  on  clock 
and  watch  work,  has  fuppofed  that  the  influence  of  the  oil 
may  be  in  fome  cafes  even  beneficial  to  the  performance 
of  the  machine;  though  it  muft  be  allowed  he  there  (peaks  ot 
fjch  as  have  no  provifion  againft  the  effedts  of  heat  and  cold. 

And  though  Mr.  Mudge  in  fome  of  his  letters  to  his  Excellency 
the  Count  de  Bruhl  does  write,  that  when  the  air  was  moifl 
in  Devonthire  (where  he  made  and  tried  his  machines)  they 
retarded  their  rates ;  yet  the  quantity  of  error  produced  by 
this  fuppofed  caufe  was  fo  fmall,  that  it  gave  him  no  uneaiinefs 
with  regard  to  their  fate.  But  the  very  different  performance  of 
machines  on  the  fame  conftrudtion,  flrongly  induce  me  to  be¬ 
lieve  that  mod  of  the  errors  hitherto  found  in  the  beft  time¬ 
keepers  have  been  produced  by  latent  mechanical  caufes 
coexiftent  with  the  machines,  or  rather,  with  the  times  they 
were  firft  put  in  motion. 

Various  opinions  have  been  entertained  by  gentlemen  of  Opinions  re- 
fcientific  and  mechanical  acquirements,  and  by  artifls  uPon  cau^ofin-egu- 
this  fubjedt.  One  in  particular  has  very  generally  prevailed,  lanties.  Varia- 
namely,  that  the  errors  have  arifen  from  inequality  of  power 
derived  from  the  main  fpring,  and  the  train  of  wheels.  That  inconfiderable. 
very  great  errors  will  be  produced  by  thefe  caufes,  (if  not  re¬ 
moved  by  good  workmanfhip,)  muft  on  all  hands  be  admitted  ; 
but  where  the  execution  has  been  correct,  the  errors  will  be 
trifling  indeed,  and  muft  always  remain  nearly  the  fame. 

The  late  Mr.  Arnold,  on  being  alked  by  a  Committee  of  the  Remontoire  con- 
Houfe  of  Commons  his  opinion  of  the  Remontoire,  laid,  thal^™”^^ 
it  was  only  a  help  to  bad  workmanfhip. 

Mr.  Harrifonks  opinion  of  the  Remontoire  was  different  from  but  efteemedby 
that  of  Mr.  Arnold;  for  he  expected  to  arrive  at  perfedlion Harrifor7- 
in  his  machine  from  introducing  it,  though  by  his  method  of  ' 
application,  he  did  not  detach  his  efcapement  from  the  whole 
of  the  train  of  wheels.  The  invention  was  undoubtedly  a 
great  proof  of  his  fuperior  ingenuity,  and  merited  high  praife. 

However,  on  finding  the  going  of  his  watch  not  to  anfvver 
his  expectation,  he  attributed  its  irregularity  to  the  thermo¬ 
meter  not  having  its  due  effect;  and  aflerted,  *'  that  if  it 
could  properly  be  put  into  the  balance,  the  watch  would  go 
within  a  few  feconds  a  year,”  which  affertion  lias  ftnce  been 
proved  erroneous. 


Mr. 
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Afv^f’iRemon-  Mr.  Madge’s  com  prehen  five  mind  fuggefted  a  Remontoire 

toire  for  winding ^j,a^  be  wound  up  at  every  vibration  of  the  balance, 

117  every  vibra-  #  J 

tion.  and  he  attached  it  to  a  ’fcapement  which  was  certainly  very 

fuperior  to  Mr.  Harrifon’s,  and  for  uniformity  of  excellence 
in  its  going,  is  more  to  be  depended  upon,  in  my  opinion, 
than  any  other  which  has  hitherto  been  applied  to  a  portable 
machine.  Mr.  Mudge  in  the  conftrudtion  of  this  Tcapement, 
had  almoft  rendered  his  Remontoire  ufelefs  with  refpeft  to  one 
purpofe  for  which  he  introduced  it.  His  fon,  in  a  book  en¬ 
titled  a  Narration  of  Fadls,  (pages  46  and  47,  in  the  margin) 
has  publifhed  an  extra6t  from  a  manufcript  of  his  father’s, 
He  fuppoTed  it  wherein  he  writes  as  follows,  was  I  to  make  a  watch  my- 

knowncaufcsTf  ^  uPon  t^‘s  rea^on'ng»  I  fhould  not  expeft  it  to  be  by  any 
error.  means  perfett,  but  I  cannot  help  thinking,  that  I  thould  in 

the  firft  eflay  get  rid  of  fo  many,  and  fo  great  errors,  that  the 
caufe  of  thofe  that  remain  would  be  more  comeatable  than 
when  blended  as  they  are  now,  &c.”  I  fay,  that  he  had,  in 
the  formation  of  his  admirable  Tcapement,  nearly  annihilated 
thofe  errors,  the  caufe  of  which  he  propofed  to  arrive  at  the 
knowledge  of  by  the  introdu6lion  of  the  Remontoire;  it  is 
much  to  be  lamented  that  this  great  mechanic’s  powers  failed  him 
through  age  and  infirmities,  at  the  time  when  he  had  almoft 
arrived  at  the  knowledge  of  thofe  caufes  of  error  which  he  fo 
earneftly  fought  after.  And  we  may  prefume  from  the  fu- 
periority  of  his  penetration,  that  he  would  alf6  have  ac- 
complifhed  the  means  of  removing  them,  and  conlequently  of 
giving  to  his  machines  all  the  perfedlion  of  which  their  prin¬ 
ciples  were  fufceptible. 

Mudge' s  watches  It  is  obfervable  that  Mr.  Mudge’s  watches,  (which  I  con- 
ratc!  fider  ^rom  ^ie’r  conftrudtion  as  having  the  caufes  of  error 

which  I  (hall  endeavour  to  develope,  operating  in  them  in  a 
lets  degree  than  any  other  time-keepers,)  in  almoft  every  in- 
ftance  accelerated  their  rates  of  going,  while  under  trial  at 
Dr.  Matkelyne’s  the  Royal  Obfervatory.  The  Rev.  Doctor  Malkelyne  has,  I 
think,  done  mechanics  an  eflential  fervice,  by  publitliing  his 
very  judicious  and  accurate  remarks  upon  their  going  while 
under  his  care.  He  obferves,  among  other  fa 61s,  “  that  the 
watches  did  generally  accelerate  their  rates  of  going  wdth 
fometimes  retarding  them  a  little,  that  they  accelerated  their 
rates  lefs  in  the  fecond  trial  than  in  the  firft,  and  leaft  of  all 
in  the  la  ft  trial,  and  that  towards  the  latter  part  of  that  trial 

the 


accrual  of  them. 
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the  watch  green  retarded  its  rate.”  IF  we  carry  our  obferva- 
tions  farther,  vve  find,  that,  in  their  fubfequent  trial  which 
took  place  at  Mr.  Dutton’s,  (the  watches  having  had  nothing 
done  to  them,)  they  both  retarded  their  rates  throughout. 

I  will  endeavour  to  fhew  why  thefe  watches  did  accelerate 
and  retard  their  rates  in  this  manner. 

The  errors  of  oppofite  tendency  that  did  exifi:  in  thefe  ma-  Great  difficulty 
chines  were  fo  fmall,  and  I  may  add,  were  fuch  a  length  of 
time  in  generating,  that  it  became  very  difficult  for  Mr.  Mudge  error  in  Mudge’3 
to  afeertain  their  caufe.  Where  was  he  to  look  for  them  ?  j^etrain?  ^ 
It  was  not  to  the  Tcapement  only  his  fearch  was  to  be  con¬ 
fined,  but  he  had  alfo  to  traverfe  through  the  whole  train  of 
wheels:  For  though  he  had  applied  his  Remonloires  beyond 
the  train,  yet  the  laft  wheel  (if  there  was  any  inequality  in 
the  power  derived  from  the  main  fpring  or  train)  would  prefs 
fometimes  ftronger,  and  at  others  weaker  upon  the  pallets  of 
the  Remontoires;  which  pallets  the  balance  in  its  vibrations 
(by  means  of  the  pins  in  the  crank  affixed  to  it)  had  alternately 
to  unlock,  before  it  could  be  impelled  by  the  unbending  of 
the  Remontoire  fprings — therefore,  as  he  fuppofed  the  caufes 
were  not  determined  to  the  Tcapement,  he  knew  not  where 
to  fix  them  *. 

It  was  an  opinion  (in  writing)  of  Mr.  Mudge’s,  “  that  the  Opinions  of  me- 
fimple  principles  of  all  watches  are  the  fame  and  perfect,  the  Mudge,  that 
errors  found  in  them  are  therefore  not  errors  arifing  from  the  time-pieces  err 
principles,  but  from  imperfections,  infeparable  from  all  me-  ciple^bu/im- 
chanic  operations.”  perfect  execu-  > 

The  late  Mr,  Arnold  afferted  before  a  Committee  of  the  t^>n‘^rnrjci .  (jiat 
Houfe  of  Commons,  that,  though  he  put  no  oil  to  his  Tcape-  his ’fcapement 


ment,  yet  it  wore  lefs  than  any  other  part  that  was  fubjedt  to 


wear. 


wore  lefs  than 
other  parts. 


Mr.  Emery  told  the  fame  Committee,  that  the  Tcapement  ' 

which  he  made  for  his  Excellency  the  Count  de  Bruhl,  after  mem.  would  not 
a  model  of  Mr.  Mudge’s,  was  very  difficult  to  execute,  but  wear* 
when  made,  it  would  not  eafily  wear  out.  It  is  a  known 
fact,  that  this  watch  went  with  an  unulual  degree  of  ex¬ 
cellence. 

*  For  drawings  and  deferiptions  of  Mr.  Mudge's  Tcapement, 
the  detached  Tcapement  now  in  general  ufe,  and  feveral  others,  fee 
Philof.  Journal,  quarto  feries  II.  p.  49, 

Vqjl,  VIII. — May,  1804.  E  And 
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4.  General  b- 
iervation  j  that 
when  the  ’feape- 
ment  wears 
there  is  no  more 
regularity. 

Inference:  that 
the  errors  in  the 
beft  t  me-pieces 
arc  thus  ca'ufed. 


Diftin&  ftite- 
ment :  that  the 
alterations  of 
rate  are  caufed 
by  wear  in  the 
*fcapement. 


Short  >defcription 
of  the  ufual  de¬ 
tached  fcape- 
ment.  1.  Scape 
wheel,  z.  (face 
of)  detent,  3. 
pafllng  fpring, 

4  unlocking 
pallet,  5.  im- 
pulfe  pallet. 


Confequences  of 
wear.  1.  If  the 
wheel  (point) 
thou  Id  wear,  it 
will  Jooner  efcapc 
-  and  ftrike  the 
pallet. 


And  dill  more  it  is  the  obfervation  of  every  watch-make^ 
when  fpeaking  of  the  verge  and  horizontal  Tcapemeuls, 
that  when  once  the  verge  or  cylinder  begins  to  wear,  there  is 
an  end  of  all  good  performance,  and  that  the  going  ol  the 
watch  becomes  from  that  period  totally  incorrect. 

Thefe  feveral  teftimonies  tend  to  induce  a  belief,  that  the 
errors  which  Hill  remain  in  the  bed:  time-keepers,  are  pro¬ 
duced  chiefly  by  this  caufe  ;  and  this  caule  mud  exift  from  the 
moment  the  machine  is  dr  ft  put  in  motion,  although  the  errors 
will  not  manifeft  themfelves  to  any  confiderable  extent,  (par¬ 
ticularly  if  the  materials  are  of  the  bed  kind,)  until  the  ma¬ 
chine  has  been  going  for  fome  time. 

I  therefore  fubmit  it  as  a  fundamental  principle,  that  the 
principal  caufe  of  the  errors  found  in  the  bed  adjuded  time¬ 
keepers,  condft  in  the  wearing  of  the  different  parts  of  the 
Tcapement ;  that  fo  long  as  by  the  a6t  of  wearing  the  relative 
proportions  of  its  parts  are  preserved,  that  errors  of  contrary 
kinds compenfate  each  other  in  the  general  a£tion,  the  machine 
will  go  corredly  ;  but  fo  (oon  as  thofe  ratios  of  the  parts  are 
altered  by  wearing,  the  watch  will  go  either  too  fad  or  too 
dovv. 

The  fcape  wheel  of  what  is  termed  the  detached  efcape- 
ment,  fay  of  the  late  Mr.  Arnold,  or  any  other  of  them  in  ufe, 
(for  their  principles  are  the  f<pne,  and  differ  only  in  modifica¬ 
tion,)  is  looked  upon  a  jewel  in  the  detent.  The  detent  has  a 
fmall  fpring  faftened  to  it,  which  reaches  condderably  beyond 
the  locking  jewel.  Some  watch-makers  have  given  the  name 
of  pading  fpring  to  it,  becaufe,  the  little  pallet  in  one  vibra¬ 
tion  of  the  balance  paffes  it  without  difturbing  the  detent,  and 
in  the  next  vibration,  the  fame  pallet  By  laying  hold  of  its 
poinf,  lifts  the  detent  out  of  the  wheel,  which  immediately 
impels  the  balance  by  means  of  the  great  or  impulfe  pallet*. 

To  fimplify  our  deductions,  let  it  be  fuppofed  (hat  the 
point  of  the  pafling  fpring  does  not  wear  at  all,  and  I  think  it 
w  ill  appear  to  every  perfon  acquainted  with  the  Tcapement, 
that  if  the  points  of  the  teeth  of  the  wheel  diould  wear,  the 
watch  mud  go  fader.  For  the  wheel  mud  then  efcape  the 
locking  jewel  of  the  detent  fooner,  and  will  neceffarily  impel 
the  balance  fooner  alfo  j  confequently  each  impulfe  given  to 

*  Philof.  Journal.  Qparto  II.  54. 

5  the 


EXPERIMENTS  ON  CHRONOMETERS. 


51 


the  balance  mud  be  began  quicker  and  quicker,  as  the 
points  of  the  teeth  of  the  Tcape  wheel  wear  more  and  more. 

But  on  the  contrary,  let  us  now  fuppofe  that  the  points  of  the  If  the  patting 
teeth  do  nol  wear,  and  the  patting  Ipring  wears  ;  in  this  cafe,  ^ear>  t*‘e 
as  the  balance  in  its  vibration  wilt  have  a  greater  (pace  or  por-  confequently  the 
tion  of  a  circle  to  move,  before  it  can  arrive  at  the  fpring,  and  ^pu  ^  Wil1  be 
unlock  the  wheel,  in  order  to  receive  the  impulfe,  every  luch 
impulfe  will  be  made  later  and  later,  and  the  watch  mutt  ne- 
ceflarily  go  (lower  and  (lower  as  the  point  of  that  fpring  wears 
away  moreand  more.  There  is  another  part  in  this  Tcapement,  If  the  face  of 
namely,  the  ttriking  face  of  the  tooth,  in  which,  if  wear  takes  tiie  tet',h  ^  )uIi 
place,  the  tendency  1  prefume  will  be  to  lofe,  in  confequence  will  be  more  and 
of  the  wheel  acquiring  a  greater  drop,  or  having  farther  to  go  t*ie  ifflPu^e  ^ater% 
before  it  can  overtake  and  ttrike  the  pallet.  This  part  of  the 
tooth  I  herefuppofed  to  wear,  and  which  firtt  comes  into  con¬ 
tact  with  the  pallet,  is  not  the  point,  but  a  little  nearer  the 
centre  of  the  wheel;  and  as  the  wheel  follows  the  pallet,  it. 
mutt  be  fome  portion  of  time  longer  before  it  can  arrive  to  be¬ 
gin  the  impulfe.  In  the  above  example  I  have  fuppofed  the 
detent  and  both  pallets  to  be  jewelled:  if  they  were  not,  the 
errors  would  be  greater. 

Now  we  find  that,  according  to  the  above  reafoning,  al-  Thus  there  are 
though  there  are  two  parts  of  the  Tcapement  in  which,  if  wear  tvvo  klr^s,ot 

&  _  wear  which  tend 

takes  place,  the  tendency  will  be  to  lofe;  leaving  out  of  the  to  produce  lofs, 

queftion  the  oil  becoming  glutinous,  the  fprings  lofing  their  and  onf: t0  pr0' 

1  ,  ,  .  .  .°  auce  gain, 

elattic  force,  &e.  and  only  one  part,  in  which  it  wearing  takes 

place  the  tendency  will  be  to  gain,  yet,  we  find  in  moll:  ma¬ 
chines  the  tendency  to  gain  is  generally  predominant.  I  will  — * ,jut  the  gain 
fliew  why  I  think  the  teeth  of  the  wheel  wear  more  than  either  Piedommates  > 
of  the  other  two  parts:  there  is  not  only  fri£lion,  but  percuftion 
alfo  takes  place  in  the  three  different  parts  of  the  ’Tcapement 
before-mentioned;  the  little  roller  or  pallet  that  lifts  the  detent 
out  of  the  wheel  ttrikes  againtt  the  point  of  the  patting  fpring 
on  coming  into  contact  in  order  to  unlock  the  wheel;  in  the  'f 
next  place  the  wheel  ttrikes  againtt  the  pallet  when  it  begins 
the  impulfe,  and  lattly,  the  wheel  again  ttrikes  againtt  the 
jewel  of  the  detent  when  it  locks  upon  it  :  I  will  not  attempt 
to  determine  which  of  the  two  former  pereuttions  is  the  great- 
eft,  or  which  will  occafion  the  greatett  retardation  of  rate,  but  __an(i  th;s 
will  fay,  that  the  laft  is  greater  than  either  of  the  other  two  by  caufe  the  ft*oke 
much,  and  in  general  we  find  that  the  wheel  is  locked  upon  kJckbg"^^^ 

E  2  that  greater,  that 
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thofe  of  the 
unlocking  and 
the  impulfe. 


The  advantage 
of  clocks  or  ma¬ 
chines  with  fliort 
vibrations  de¬ 
duced  from  the 
fmaller  per- 
cuflion. 


Some  objections 
confidered. 


that  part  of  the  face  of  the  tooth  neared  the  point;  now  as  re¬ 
peated  flrokes  will  wear  as  well  as  friCtion,  I  take  it  that  the 
wheel  wears  more  from  this  caufe  (particularly  where  the  ex¬ 
ecution  has  been  favourable  for  it)  than  either  ot  the  other  t  .vo 
parts,  and  therefore  moft  time-keepers  made  upon  this  conftruc- 
tion  have  a  greater  tendency  to  gain  than  they  have  to  lo(e. 

If  it  ffiould  be  admitted  that  percuffion  will  wear  in  any  ma¬ 
terial  degree,  I  fubmit  that  it  will  lead  to  the  difcovering  why 
clocks  whofe  pendulums  make  the  Ihortefi:  vibrations  go  better 
than  others,  and  alfo  the  caufe  of  the  great  diiparity  there  is 
between  the  going  of  the  common  verge  watch  and  that  ot  table 
and  long  eight-day  clocks;  in  both  clocks  and  watches  con- 
dru&ed  with  two  pallets  upon  the  recoiling  principle,  each 
pallet,  with  the  accumulated  force  it  has  obtained  by  the  vibra¬ 
tion  of  the  balance  or  pendulum,  meets  the  wheel  which  is 
coining  a  contrary  way  when  it  comes  into  contact,  and  a  per¬ 
cuffion  takes  place ;  therefore  the  longer  the  vibration  of  the 
pendulum  or  balance,  the  greater  mull  this  percuflion  be, 
and  confequently  the  wrear  alfo:  hence  may  be  fuppofed  one 
reafon  why  fpring  or  table  clocks  that  make  iliorter  vibrations 
go  better  than  verge  watches,  and  long  clocks,  which  make 
fhorter  vibrations  ft  ill,  go  better  than  either.  I  readily  admit 
there  is  one,  and  perhaps  many  weighty  objections  to  this  rea- 
foiling,  viz.  that  fome  clocks  upon  the  recoiling  principle  are 
found  to  go  as  well  or  even  better  than  others  on  the  principle 
of  the  dead  beat,  though  the  execution  in  each  has  been  of 
equal  excellence.  For  an  anfvver  to  this  objection,  I  refer  the 
reader  to  Mr.  Cumming’s  elaborate  trealife  upon  clock  mak¬ 
ing;  who  in  fome  part  of  the  work,  afferts,  the  reafon  to  be, 
that  the  plane  of  aCtion  of  the  pallet  does  not  fufliciently  fub- 
tend  the  angle  of  vibration;  by  which  means  the  power  applied 
is  adminidered  too  fuddenly  in  the  dead  beat ;  to  which  I  add 
that  the  percuffion  is  alfo  greater  in  this  cafe  in  the  dead  beat 
than  in  the  recoil,  although  the  pallet  does  not  meet  the  wheel 
in  oppofition,  and  the  wearing  of  the  teeth  of  the  wheel  may 
be  increafed  by  that  means.  There  will  be  among  many  others 
one  very  ferious  objection  to  my  fuppofition  that  the  wearing 
of  the  wheel  can  produce  error  in  along  pendulum  clock,  viz. 
the  power  of  the  pendulum  being  fo  much  fuperior  to  the  mo¬ 
tive  force,  it  cannot  be  affeCted  by  it ;  to  which  I  (hall  only  ob- 
ferve  that  the  refults  in  praCtice  are  fometimes  very  different 
from  theoretical  conclufions. 


The 
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The  mode  of  operation  by  which  fri&ion  is  (aid  to  accelerate  Whether  gain 
the  rate  of  machines,  is  thus  pointed  out  by  the  trade  in  ge-  ^Q^ned^ibra- 
neral,  viz.  that  whenever  it  takes  place  by  the  action  of  the  tions. 
wheel  upon  the  pallet  or  pallets,  (m  watches  or  clocks  con- 
ftrucled  with  one  or  two  pallets),  or  in  the  verge  holes  by  the 
a£tion  of  pivots  therein,  it  impedes  the  motion  of  the  balance 
or  pendulum,  fhortens  its  vibrations,  and  in  confequence  the 
machine  goes  fuller  :  how  does  this  agree  with  Air.  Harrilon’s 
opinion  ?  which  was,  that  large  arcs  are  naturally  performed  in 
lefstime  than  fmall  ones.  Mr.  Gumming,  in  the  work  of  his 
before  alluded  to,  has  intimated,  that  nothing  conclufive  can 
be  drawn  from  different  arcs,  becaufe  they  are  effedls  and  not 
caufes  of  error. 

In  the  Repertory  of  Arts  and  Manufactures,  No.  S3,  in  the  -An  efcapemant 
year  1796  or  7,  there  is  a  defcription  of  a  Remontoire  Tcape-  de' 

ment,  which  is  completely  detached  from  the  train  of  wheels. 

The  errors  of  this  machine  muff  be  determined  to  the  Tcape- 
ment  alone,  becaufe  no  errors  in  the  going  can  poffibly  arife 
in  any  other  part  of  the  watch.  For  if  any  additional  power, 
however  great,  be  applied  to  the  train,  the  arcs  of  the  balance 
will  not  be  in  the  leaf!  affected  by  it :  in  the  opinion  of  all  or 
mofl  who  underflood  its  principles,  its  going  mull  be  more  per- 
fe6t  than  that  of  any  machine  before  invented. 

In  the  following  remarks  upon  that  Tcapement,  I  fhail  call.  In  this  the  wear 
what  is  in  the  before- mentioned  defcription  of  it  termed  a  greater1  becaufe^ 
fnail  pallet,  a  locking  pallet.  In  the  commonly  termed  de-  the  attion  isoa 
tached  Tcapement,  every  tooth  in  the  wheel  is  locked  in  fuc-  a  *"ing!e  ^acc* 
ceffion  upon  the  jewel  of  the  detent,  and  the  effe6l  arifing 
from  wearing  of  the  teeth  does  not  very  foon  fhew  itfelf,  there 
being  12,1.5  or  more  (at  pleafure)  in  number,  but  in  this  re¬ 
montoire  Tcapement  before  every  impulfe  there  is  only  this  in¬ 
dividual  locking  pallet  to  fupply  the  place  of  a  wheel,  (if  1 
may  fo  exprefs  it)  the  wear  therefore  mull  be  12  or  15  times  as 
great,  and  its  effect  mull  manifefl  itfelf  very  foon. 

In  the  years  98  and  9,  I  executed  four  or  five  of  thefe  Account  of  the 
’fcapements,  and  tried  the  going  of  each.  They  all  went  in  the  ^ ° °j y  rfor  ^ 
fame  manner,  viz.  for  the  firfl  twenty-four  or  thirty  hours  the  ance  of  feveral 
machine  would  vary  nothing;  the  day  following  it  would  gain0^  thcfe* 
one  or  two  feconds,  the  next  day  feven  or  eight,  and  on  the 
fourth  or  fifth  day  it  would  gain  30  or  40.  I  obferved,  the 
more  the  machine  gained,  the  larger  were  the  arcs  of  the  ba¬ 
lance  3 
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Explanation  of 
the  irregulari¬ 
ties  5 — from 
wear  or  change 
in  the  parts,  and 
not  from  fiidtion 
only. 


Remedy.  An 
intermediate 
wheel  was  in¬ 
troduced,  to 
render  the  lock¬ 
ing  faces  more 
numerous; 
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lance;  if  the  machine  was  fet  a-going  without  oil  being  ap¬ 
plied  to  the  locking  pallet,  it  would  not  go  many  days  before 
it  would  flop,  and  if  fet  in  motion  the  balance  would  perform 
only  three  or  four  vibrations,  when  it  would  come  to  reft  again  : 
in  this  ftato,  if  oil  was  applied  to  the  locking  pallet,  it  would 
fet  a-going  more  lively  than  ever,  the  balance  making  confi- 
derablv  larger  arcs,  and  the  machine  gaining  upon  its  former 
rate  in  a  very  furprizing  manner. 

Should  it  here  be  enquired,  how  were  thefe  effects  produced  ? 

I  think  it  would  be  anfwering  in  a  vague  and  indefinite  manner 

to  fay  merely, — that  it  was  occafioned  by  friction;  for  the  mode 

by  which  it  operated  is  certainly  neceftary  to  be  pointed  out : 

I  fuppofethat  by  fiction  the  point  of  the  locking  pallet  (which 

was  made  of  fteel)  wore  fiiorter,  by  which  means  it  locked 

ftiallovver  upon  the  jewel  in  the  detent,  therefore  the  balance 

unlocking  the  Remontoire  fooner,  the  impulfe  to  the  verge 

was  given  quicker  as  the  point  of  the  locking  pallet  became 

ftiorter  bv  wear  ;  alfo,  the  fhallower  the  locking  pallet 
«  / 

locked  upon  the  jewel  of  the  detent,  the  lefs  was  the  reftfiance 
to  the  balance  in  unlocking  it,  and  the  drop  upon  the  impulfe 
pallet  became  lefs,  therefore  the  arcs  of  the  balance  became 
larger  in  proportion  as  the  locking  pallet  wore  ftiorter :  I  can 
never  believe  that  the  above  effe&s,  viz.  acceleration  of  rate 
and  large  arcs  were  produced  by  friction  abftradtedly  ;  for  had 
it  been  fo,  they  would  haveceafed  the  moment  oil  was  applied 
to  the  locking  pallet,  inftead  of  which  the  effects  became 
more  apparent. 

It  was  not  till  after  various  examinations  of  the  ’fcapement 
alluded  to,  and  making  two  or  three  others  of  the  fame  kind, 
that  I  formed  the  foregoing  conclufions  refpedting  the  caufe  ot 
the  error  that  had  puzzled  me;  when  I  had  fixed  upon  the 
caufe  in  my  own  mind,  I  determined  upon  a  remedy,  which 
was,  by  applying  an  intermediate  wheel  between  the  remon¬ 
toire  and  (he  balance,  inftead  of  the  locking  pallet ;  1  con¬ 
trived  to  fix  a  fhort  weak  jewelled  detent  upon  the  remontoire 
axis,  which  moved  found  with  it  and  locked  upon  the  inter¬ 
mediate  wheel,  whirh  had  twenty-four  teeth ;  as  the  locking 
pallet  had  before  locked  upon  the  detent,  I  placed  alio  a  de¬ 
tent  upon  the  other  fide  of  the  intermediate  wheel,  to  lock  it, 
and  by  a  particular  contrivance  made  the  intermediate  wheel 
to  fliift  one  tooth  at  every  vibration  of  the  balance;  after  which 

alteration. 
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alteration,  the  former  effedis  totally  ceafed ;  in  order  to  make  It  fucceeded. — 

the  intermediate  wheel  (which  was  loofe)  fhift  one  tooth  at  St’?ng  dctent  tc> 

every  vibration,  I  made  the  detent  which  locked  itfirong,  and 

inferted  a  long  jewel  into  it,  having  an  inclined  plane  that  filled 

the  (pace  between  each  two  teeth  that  always  kept  the  wheel 

in  a  certain  pofition,  the  confequence  of  applying  the  ltrong 

detent  was,  that  the  point  of  the  palling  fpring  (or  in  other 

words  the  unlocking  part)  worQ  very  faff,  and  occafioned  a  — produced  wear 

very  confiderable  retardation  of  rate,  which  continued  with-  *n  the  Pal*3n& 

lpnng  ^ 

out  intermiffion  until  the  watch  ftopped  from  the  point  of  the 
palling  fpring  wearing  fo  much,  that  the  balance  could  not 
unlock  it.  I  muff  obferve,  that*  the  arcs  of  the  balance  were 

in  tin’s  cafe  not  perceptibly  altered,  and  the  retardation  not _ andretarda- 

nearly  fo  great  as  the  acceleration  in  the  former.  I  afterwards,  tion. 

'by  another  contrivance,  which  it  would  be  difficult  to  explain, 
remedied  the  evil  attendant  upon  a  ftrong  detent,  and  produced 
an  efcapement  perfedtly  to  my  withes,  that  had  no  propenfity  Reme(jy, 
either  to  accelerate  or  retard  ijLs  rate. 

It  is  clear  to  me,  that  fridfibn  or  wearing  will,  in  fome  cafes.  The  fimple  de¬ 
make  a  machine  accelerate,  and  in  others  retard  its  rate  of tached  lcaPe~ 

'  ment  would  per- 

going,  therefore  I  prefume  if  we  could  hit  upon  fome  method  form  well  for 

of  preferving  the  ratios  of  the  detached  Tcapement  perma-  periods  of 
.  .....  .  time  if  prelerved 

nent,  by  giving  the  different  parts  a  durability,  they  have  not  from  wear. 

hitherto  polfeffed,  we  might  produce  machines  of  this  fimple 
conftrudiion  that  fhould  retain  an  equal  rate  of  going  for  long 
periods  of  time,  and  not  look  to  chance  for  their  fuccefs;  if 
the  actions  of  the  ’fcapement  were  unalterable  (which  I  ima¬ 
gine  might  be  made  by  jewelling)  we  fhould  then  have  only 
the  influence  of  the  oil  to  oppofe  our  fuccefs,  which  by  becom¬ 
ing  glutinous,  will,  I  think  occafion,  if  any  change,  a  retar¬ 
dation  of  rate,  yet  if  it  be  good,  the  effedt,  I  fuppofe,  will 
not  be  very  great  in  a  moderate  length  of  time. 

Having  been  on  the  coafi  of  Coromandel  and- Ceylon,  and  Cocoa  nut  oil 
other  parts  of  the  Eaft  Indies,  for  a  feries  of  eight  years,  I  had  fo^timTpieces 
there  an  opportunity  of  try  ing  an  oil  to  watches,  which  artifts 
here  are  unacquainted  with;  being  in  camp  in  the  My  fore 
country,  in  the  years  1791  and  2,  for  a  period  of  about 
eighteen  months,  I  could  fcarcely  procure  a  drop  of  olive  oil 
that  was  not  rancid  ;  I  therefore  fubfiiluted  in  room  of  it  what 
is  there  called  cocoa  nut  oil,  which  retains  its  fluidity  to  the 
lafi.  I  never  knew  an  infiance  of  its  becoming  glutinous,  nor 

does 
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Mudge's  fir  ft 
watch  ftopped 
for  want  of  oil 
on  the  pallets. 


does  it  evaporate  foon  ;  I  have  found  it  in  jewelled,  verge,  and 
horizontal  watches,  in  that  warm  climate,  after  a  period  of 
three  years,  in  a  very  fluid  hate,  and  in  (ufficient  quantity. 
That  oil  may  be  eafily  procured  here  by  breaking  the  (hell  ol 
the  cocoa  nut,  drying  the  nut  in  a  very  gentle  manner,  and 
afterwards  exprefling  the  oil  from  it,  which  is  yielded  in  a  great 
quantity;  it  a  flumes  a  concrete  form  in  a  very  moderate  degree 
of  cold,  but  how  far  that  may  be  a  good  objection  againfl  its 
ufe  in  this  climate  remains  to  be  determined. 

I  will  conclude  thefe  obfervations,  after  a  few  remarks  upon 
the  flopping  of  Mr.  Mudge's  fir  ft:  watch,  while  under  trial  at 
the  Royal  Obfervatory  ;  Mr.  Mudge  found,  after  a  good  deal 
of  pains  taken  in  invefligating  the  eaufe,  that  it  was  lor  want 
of  oil  being  put  to  the  pallets  (or  locking  part)  of  his  'fcape- 
ment :  I  think  this  cafe  fo  parallel  to  that  of  Mr.  Haley's  ma¬ 
chines  flopping  from  the  fame  eaufe,  that  it  tends  in  fome  mea- 
fure  to  prove  the  truth  of  wdiat  I  have  advanced  :  Mr.  Mudge 
had  thought  when  he  finiflied  this  machine,  that  it  was  alto¬ 
gether  unneceflary  to  apply  oil  to  this  part,  as  he  mentions  in 
a  letter  to  his  excellency  the  Count  de  Bruhl,  upon  the  (ub- 
Eft'ett  when  oil  jecl  of  its  flopping;  and  in  the  fame  letter  he  writes  to  the  fol- 
w  applied.  lowing  effeft,  that  w'hen  he  had  applied  oil  to  the  pallets,  the 
watch  went  as  well  as  before,  or,  as  it  did  when  firfl  fet 
a-going;  that  the  arcs  of  vibration  had  fallen  off  but  a  few  de¬ 
grees,  yet  the  watch  wrent  ten  feconds  a  day  faflcr  than  the 
lafl-mentioned  rate,  and  from  any  thing  that  fuggefted  itfelf  to 
him,  he  could  not  fee  wdiy  it  fbould  not  have  gone  rather  flower 
than  fafler  through  length  of  time.  I  will  venture  to  fuppofe 
the  following  to  have  been  the  eaufe  of  the  machine  going 
faflcr,  and  of  the  balance  meafuring  fmaller  arcs  in  confe- 
quence. 

Explanation'*  The  points  of  the  teeth  of  his  'fcape  wheel  had  become 
The  teeth  of  the  fliorter  *  by  conflant  wear,  however  fmall,  and  efcaped  the 

fhorter^°efcaped  Pa^ets  (or  rather  hooks  of  the  pallets,  as  they  have  been 
fooner,  and  termed)  fooner  ;  therefore  the  oppofite  pallets  wdfleh  impelled 
(lu0  the  crank  gave  the  impulfe  fooner  to  the  balance,  and  in.  my 

mind,  the  watch  may  be  fuppofed  to  have  accelerated  its  rate 
from  this  eaufe;  on  the  other  hand,  by  the  wearing  of  the  teeth, 
the  wheel  did  not  wind  up  the  remontoire  fprings  quite  fa 


*  Refer  to  tl  e  figure,  Philof.  Jcurn,  4to  feries,  Vol.  II,  p.  49. 

high. 
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high,  therefore  there  arofe  in  fome  degree  an  impediment  to 
the  balance,  which  might  oecafion  the  arcs  to  be  fhorlened, 
becaufe,  before  the  wheel  was  let  at  liberty,  oi  unlocked  from 
one  pallet,  in  order  to  wind  up  the  other  remontoire  fpring, 
the  balance  (by  means  ot  the  crank  affixed  to  it)  had  alter¬ 
nately  to  wind  up  each  remontoire  fpring  a  little  higher,  and 
in  fhorf,  fo  much  higher  than  the  wheel  had  before  wound  it, 
as  the  momentum  of  the  balance  was  equal  to;  therefoie,  as 
I  faid  before,  when  the  teeth  of  the  wheel  became  fhortei  by 
vvearj  they  would  not  wind  up  the  remontoire  fprings  quite  lo 
high;  in  which  cafe  the  crank  would  engage  the  pallets  on  the 
oppofite  fide  of  the  remontoire  axis  a  little  fooner,  by  which 
means  trie  balance  would  receive  a  check  in  its  vibrations,  and 
the  arcs  would  certainly  fall  off.  Thefe,  which  I  have  men¬ 
tioned,  are  the  only  reafons  which  have  occurred  to  meto  ffievv 
why  the  remontoire  machine  I  made  ffiould  have  its  arcs  of 
vibration  increafed  when  the  watch  went  fader,  and,  on  the 
contrary,  Mr.  Mudge’s  ffiould  have  its  arcs  ffiortened  when 

it  went  the  fame  way.* 

As  to  Mr.  Mpdge’s  watches,  green  and  blue  retarding  their 
rates  while  under  trial  at  Mr.  Dutton's,  after  having  gone 
through  their  public 'trials  at  the  Royal  Obfervatory,  it  ffiould 
be  remembered  they  had  not  been  cleaned,  and  that  the  oil 
being  thicker,  mufl  have  had  a  (hare  in  producing  that  effect, 
and  perhaps  a  principal  one;  for  as  to  friction  in  the  impulfe 
or  unlocking  part,  there  was  none,  it  was  totally  annihilated, 
by  the  verge  and  remontoire  axis  moving  on  the  lame  centre; 
if  any  wear  could  take  place  there,  it  mufl  be  by  peicuffion  and 
preffure  only  :  likewife  it  may  be  confidered,  that  the  teeth  of 
the  wheel  (or  locking  part)  having  been  blunted  by  wear  with 
former  going,  would  have  larger  furfaces  to  refill  the  wear 
and  its  accelerating  effedl  during  this  trial;  befidcs,  it  will  be 
readily  believed  by  thofe  acquainted  with  Mr.  Mudge  s  fcape- 
ment,  that  the  wearing  of  his  wheel  and  its  pernicious  effect, 
cannot  be  fo  great  as  in  that  of  the  detached  ffcapement. 

*  It  appears  to  me,  that  if  the  impelling  pallet  came  to  a  flop 
before  the  inftant  of  unlocking,  no  other  than  the  lafl  effe6t,  in 
Mudge’s  machine,  would  take  place  ;  except  that  the  refiftance  to 
unlocking  might  become  lefs.  Would  the  crank  and  levers  wear 
and  diminiffi  the  effea  of  the  a&ing  pallet  ?  ” 


tr 

£ 1 


— and  the  re¬ 
montoire  fpring3 
would  be  lefs 
wound  up : 
whence  the 
balance  would 
have  more  to  do 
alone. 


The  retardation 
of  Mudge’sother 
time  pieces  af- 
cribed  to  infpif- 
fation  of  the  oil. 
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A  Memoir  concerning  the  Fafci noting  Faculty  which  has  been  of- 
evibed  to  the  Rattle-Snake  and  other  American  Serpents,  By 
Benjamin  Smith  Barton,  M.  D.  From  the  American 
A  r  an f aft  ions,  Vol.  IV. 

(Continued  from  p.  285  of  Vol.  VII.) 

Experiment  of  ''TT' 

fafeination  by  a  JL  HE  facts  which  came  under  the  notice  of  Mr.  Vofmaer, 

lnalce*  at  the  Hague,  are  curious,  and  deferve  to  be  mentioned. 

But  they  do  not  appear  to  me  to  be  proofs  of  the  exigence  of 

an  infectious  or  mephitic  vapour  proceeding  from  the  mouth  of 

the  rattle-fnake.  I  am  not  at  al!  furprifed  that  the  birds  and 

mice  that  were  put  into  the  cage,  along  with  this  reptile, 

ilo o u I d  exhibit  the  motions  which  were  obferved  by  the  Dutch 

naturalift.  When  the  little  animals  fipiatted  down  in  a  corner 

of  the  cage,  they  were,  moll  probably,  impelled  by  the  in- 

flinCl  of  fear,  which  is  fo  powerful,  and  fo  extenfive,  in  the 

vaff  family  of  animals.  When  they  run  towards  the  ferpent, 

,  it  may  have  been  tear  that  actuated  them. 

Perhaps  partially  In  conducting  a  feries  of  experiments,  it  is  ever  a  matter 

obfcrvtd.  importance,  that  the  mind  of  the  experimentalifl  fhould 

be  free  from  the  dominion  of  prejudice  and  fyftem.  Perhaps, 

facts  are  never  related  in  all  their  unadulterated  purity  except 

by  thofe,  who,  intent  upon  the  difeovery  of  truth,  keep  fyftem 

at  a  didance,  regardlefs  of  its  claims.  The  ftrong  democracy 

of  faCts  fhould  exert  its  w'holefome  fway.  I  cannot  help 

thinking,  that  if  Mr.  Vofmaer  had  ditbelived  the  fafeinating 

faculty  of  ferpents,  the  conclufions  which  he  would  have 

drawn  from  his  experiments,  jud  mentioned,  would  have  been 

(omewhat  different.  But  of  this  I  cannot  be  certain,  and, 

therefore,  I~fhall  not  avail  m)felf  of  the  fuppofition. 

Other  tads  Some  experiments  which  have  been  made  in  this  city,  do 

which  contiaditt  n0|  accortl  with  thofe  of  Mr.  Vofmaer.  The  birds,  which 
the  notion.  .  . 

were  put  into  the  cage  that  contained  the  rattle-fnake,  dewr 

or  ran  from  the  reptile,  as  though  fhey  were  fenfible  of  the 

danger  to  which  they  were  expofed.  The  fnake  made  many 

attempts  to  catch  the  birds,  but  could  feldom  fucceed.  When 

a  dead  bird  was  thrown  into  the  cage,  the  fnake  devoured  it 

immediately.  He  toon  caught  and  devoured  a  living  mole, 

an  animal  much  more  tluggidi  than  the  bird.  A  few  days 

fince. 
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nee,  I  had  an  opportunity  of  obferving  the  following  circum- 
ance.  A  fmail  bird,  our  fnow-bird*,  had  been  put  into  a 
age  containing  a  large  rattle-fnake.  The  little  animal  had 
eeri  thus  imprifoned  for  (everal  hours,  when  I  fird  law  it. 
t  exhibited  no  frgns  of  fear,  but  hopped  about  from  the  floor 
f  the  cage  to  its  rood,  and  frequently  flew  and  fat  upon  the 
lake's  back.  Its  chirp  was  no  ways  tremulous;  but  perfectly 
jatural  :  it  ate  the  feeds  which  were  put  into  the  cage,  and 
>y  its  whole  actions,  I  think,  mod  evidently  demopftrated, 
lat  its  fltuation  was  not  uneafy. 

I  do  not  relate  this  latter  fad  with  any  intention  to  difprove  No  mePhltlc 

r  .  ~  ,  vapour  w as 

ie  notion,  that  the  rattie-fnake  pofleues  the  faculty  or  charm  emitted  by  the 
nig.  For  the  obfervation  was  made  on  the  feventeenth  ol  fnalse  in  the 
fad  month,  which  is  fomewhat  earlier  than  the  time  when  our  exPClUrien  * 
makes  ufually  come  out  of  their  dens.  The  fnake,  too,  which 
was  the  fubject  of  the  experiment,  appeared  to  be  very  languid, 
ind  had  not  eaten  any  thing  for  a  confiderable  time.  We 
lught  not,  therefore,  to  fuppcfe  him  poflefled  of  the  fafcinating 
acuity  at  this  period  ;  flnce,  I  prefume,  that  this  faculty, 
did  it  exift  at  all,  is  fubfervient  to  the  purpofe  of  procuring 
the  reptile  its  food.  The  fad  is,  perhaps,  valuable  in  another 
jpoint  of  view.  It  feems  to  fhow,  it  does  fliow,  that  the 
tmephitic  vapour  proceeding  from  the  rattle-fnake,  allowing 
that  Inch  a  vapour  really  exided,  was,  in  no  refpecl,  injurious 
to  the  bird. 

If  the  mephitic  vapour  of  the  rattle-fnake  were  productive  nor  in  the  wood*? 
of  the  effects  attributed  to  it  by  Mr.  de  la  Cepede,  and  other 
writers;  and,  elpecially,  if  this  vapour  extended  its  influence 
to  animals  fituated  at  a  confiderable  didance  from  the  reptile, 
the  atmofphere  of  the  rattle-fnake  would  often  be  a  kind  of 
Avernus,  which  many  animals  would  avoid,  and  which  would 
generally  occafion  the  flcknefs  or  death  of  thofe  that  were  (o 
unfortunate  as  to  come  within  its  fphere.  But  how  different 
is  the  cafe  !  The  abodes  of  the  rattle-fnake  are  the  favourite 
J  haunts  of  frogs,  and  many  fpecies  of  birds,  which  often  pafs 
the  leafons  of  their  amours  and  generation  in  clouds  of  rae- 
phitifm  ;  uninjured,  and  undedroyed.  How  often  has  the 
rattle-fnake  been  known  to  continue,  for  day  s,  at  the  bottom 

of  a  tree,  or  even  a  fmail  bufli,  upon  the  branches  of  which 

I  f 

*  The  Eniberiza  byemalis  of  Linnaeus. 
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Other  Inftanccs 
In  proof. 


Whether  other 
animals  emit 
mephitic  va¬ 
pour. 


Qpeftion,  if  the 
agitated  animals 
may  not  have 
been  already 
kitten. 


the  thrufh  or  cal-bird  are  rearing  their  young  !  This  would  be  a 
fuitable  fituation  for  the  mephitic  vapour  to  exert  its  noxious 
influence ;  but,  in  our  w  oods,  fuch  influence  has  never  been 
perceived. 

Birds  of  the  eagle  and  the  hawk  kind  have  been  feen  to 
foar,  for  a  confiderable  time,  above  the  fpot  occupied  by  a 
rattle-fnake,  and  at  length  to  dart  upon  the  reptile,  and 
carry  it  to  their  young.  Neither  the  parent-bird  nor  its 
young  ones,  have  ever  been  known  to  receive  any  injury 
from  the  fnake’s  vapour.  Poffibly  it  may  be  faid,  this  vapour 
was  diflipated,  or  greatly  diluted,  in  pafling  through  the 
air. 

A  mephitic,  or  fetid,  vapour  emanates  from  the  bodies  of 
many  animals,  betides  the  rattle-fnake  ;  from  the  opoflum  *, 
and  the  pole-cat  f,  for  inftance.  The  vapour  of  thefe  qua¬ 
drupeds  would  be  as  likely  to  affed  birds,  8c c.  with  afphyxy, 
as  that  of  the  rattle-fnake.  And  poflibly  it  does.  There  is, 
certainly,  one  thing  in  favour  of  the  fuppofition.  The  opoflum, 
in  particular,  is  noted  for  his  cunning  in  catching  birds. 

I  (hall  conclude  this  part  of  my  memoir  by  obferving,  that 
the  odour  of  the  rattle-fnake  is  faid  to  be  agreeable  to  fome 
perfons. 

Mr.  de  la  Cdpede’s  fecond  mode  of  explanation  is  much 
more  plaufible.  I  have  already  obferved  that  it  was  the 
fyflem  of  Sir  Hans  Sloane,  who  afleded  to  ground  it  upon 
experiments.  It  is  adopted  by  the  author  of  the  well-written 
account  of  de  la  C^pede’s  Natural  Hijlory  of  Serpents ,  in  the 
Monthly  Review  §. 

Mr.  de  la  Cdpede  prefumes  that,  ,l  for  the  mofl  part,  when 
a  bird,  a  fquirrel,  &c.  has  been  feen  precipitating  itfelf  from 
the  top  of  a  tree,  into  the  jaws  of  a  rattle-fnake,  it  had  been 
already  bitten  ;  and  that  its  whole  conduct,  fuch  as  its  crying, 
its  agitation,  its  leaping  from  branch  to  branch,  &c.  are  ail 
efleds  induced  by  the  violent  operation  of  the  poifon,  throw'n 
into  its  body,  by  the  reptile. 

*  Diddphis  Opoflum.  -f  Viverra  Putorius. 

}  See  pages  30  &  34,  note. 

§  Appendix  to  the  fecond  volume  of  the  Monthly  Review  en¬ 
larged.  p.  511. 

An 


ASCRIBED  T  3  THE  RATTLE-SNAKE. 

An  attention  to  fa&s  conftrains  me  to  rejcCt  this  attempt  to¬ 
wards  a  dilution  of  the  quedion,  which  I  am  confidering.  I 
diall  arrange  my  chiefeft  objections  under  two  heads. 

Fird.  We  are  pretty  well  acquainted  with  the  molt  pro¬ 
minent  effedts  produced  by  the  poifon  of  the  rattle-fnake,  in 
various  fpecies  of  animals.  It  mult  be  admitted,  that  there 
is  a  confiderable  variety  in  thefe  effects,  and  a  great  differ¬ 
ence  in  the  drength  of  thefe  effects.  In  one  animal,  the  poi¬ 
fon  produces  an  high  degree  of  inflammatory  aCtion  in  the 
fydem  ;  in  another,  the  mod  firiking  primary  effect  is  a  fom- 
nolency,  or  drowfinefs.  In  one  animal,  the  poifon  does  not 
produce  any  obvious  effect  upon  the  fyflem  for  many  minutes  ; 
in  another  the  effects  are  almoft  inflantaneous  *.  But  in  almofl 
every  inftance  in  which  the  poifon  of  the  rattle-fnake  has  been 
i'uccefsfully  thrown  into  the  body  of  an  animal,  there  enfue  a 
let  of  fymptoms,  very  different  from  the  aCtions  of  birds  and 
fquirrels  when  under  the  fuppofed  fafcinating  influence  of  the 
ferpent-kind.  It  is  not  necedary  to  detail,  in  this  place,  thefe 
various  fymptoms,  becaufe  I  have  already  done  it  in  a  paper, 
which  is  printed  in  the  third  volume  of  the  Tranfaciions  of  our 
Society  f,  and  becaufe  thefe  fymptoms  cannot  be  unknown  to 
the  members  of  the  Society.  It  will  be  fufficient  to  obferve, 
that  two  of  the  mod  univerfal  edeCts  of  the  poifon  of  the 
rattle-fnake,  I  mean  the  extreme  debility  and  the  giddinefs, 
which  commonly  almod  immediately  fucceed  the  bite,  will 
preclude  the  poffibility  of  a  fquirrePs,  or  a  bird's,  dancing 
from  branch  to  branch,  dying  about,  and  running  to  and  from 
the  ferpent,  for  a  confiderable  time,  before  it  becomes  a  prey 
to  its  enemy.  Beddes,  the  farce  of  fafcinalion  is  often  kept 
up  fora  much  longer  term  of  time  than  any  fmall  animals  are 
known  to  live  after  a  fuccefsful  bite  by  the  rattle-fnake.  But, 
perhaps,  it  may  be  faid,  that  the  rattle-fnake,  like  feme  of  our 
wafps,  knows  how  to  injeCt  into  the  animal,  which  he  means 
to  devour,  any  given  quantity  of  his  fubtile  poifon.  Here, 
the  analogy  will  not  apply  but  I  have  not  time  to  point  out 
the  various  indances  in  which  its  failure  is  confpicuous. 

*  A  fmall  dog  that  was  bitten  in  the  fide  by  a  large  rattle-fnake, 
reeled  about,  and  expired,  feemingly  fuffocated,  in  two  minutes. 
This  was  in  the  month  of  Auguft, 

•f  No.  xi.  p.  1 10  and  111. 
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— becaufe  the 
effects  are  more 
fpeedy  and  very 
different  from 
what  are  related 
of  fafeination. 
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T!h*  fvftem  of 
t»(ci  nation 
implies  tha:  tiic 
animal  may  be 
relieve*]  and 
efcape. 


'  Kalm  mentions  a  well-known  fa&,  which  will  be  admitted 
to  have  confiderablc  weight  in  deflroying  tlie  force  of  this  part 
ol  Mr.  de  la  Cepede’s  fyflem.  *'  The  (quirrel  being  upon 
the  point  of  running  into  the  fnake’s  mouth,  die  Ipeflators 
have  not  been  able  to  let  it  come  to  that  pitch,  but  kided  the 
luake,  and  as  loon  as  it  had  got  a  mortal  blow,  the  fquirrel 
or  bird  deflined  for  deflrudtion,  flew  away,  and  left  oil  their 
moanful  note,  as  if  they  had  broke  loofe  from  a  net.  Some  - 
lay,  that  if  they  only  touched  the  fnake,  fo  as  to  draw  ofl'  its 
attention  from  the  (quirrel  ;  it  went  off  quickly,  not  flopping 
till  it  had  got  to  a  great  diflance.”  <f  Why,”  continues  our 
author,  “  do  the  fquirrels  or  birds  go  away  fo  ftiddenly  and 
why  no  fooner  ?  If  they  had  been  poifoned  or  bitten  by  the 
fnake  before,  fo  as  not  to  be  able  to  gek  from  the  tree,  and  to 
be  forced  to  approach  the  fnake  always  more  and  more,  they 
could  however  not  get  new  flrength  by  the  (nake  being  killed 
or  diverted 

(To  be  continued.) 
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Very  extenfive  Table  of  Squares. 

About  three  years  ago,  a  large  quantity  of  mathematical 
papers  were  brought  to  Oxford,  which  had  belonged  to  Mr. 
Councer,  an  attorney  at  Bioxam,  in  the  north  of  Oxfordfliire. 
They  confifled  chiefly  of  mere  tranfcripts  and  colle&ions  from 
different -publications  :  But  there  were  two  works  among  them, 
which  mufl  be  excepted  from  this  description,  and  which  prove 
Mr.  C.  to  have  been  a  man  of  Angular  induflry. 

The  one  was  a  table  of  fines  and  tangents  for  every  fecond 
of  the  quadrant.  It  is  probable,  that  this  table  was  com¬ 
pleted  before  the  year  1760;  but  it  would  have  been  of  no 
value,  even  if  it  had  not  been  fuperfeded  by  Mr.  Taylor's 
publication.  For  Mr.  C.  feems,  in  this  inflance,  to  have 
been  ignorant  of  the  true  method  of  calculating,  and  to  have 

*  Travels  into  North- America,  &c.  vol.  ii.  p.  209  &  210.  It 
will  be  eafy  to  difcover  what  part  of  Kalin’s  reafoning,  in  the  above 
quotation  I  admit. 
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only  interpolated  Tome  old  tables,  without  allowing  for  the 
variation 'of  the  differences.  The  other  work  is  really  valu¬ 
able,  it  is  a  table  of  fquares  and  cubes  to  a  much  greater  ex¬ 
tent  than  that,  which  was  publifhed  by  the  Board  of  Longi¬ 
tude  in  1781,  under  (he  care  of  Dr.  Hutton*.  This  table 
was  calculated  for  the  fquares  of  all  numbers  from  1  to 
128510,  and  for  the  cubes  of  all  from  1  to  265(50.  But  there 
is  an  interval  in  the  fquares  from  28261  to  29061.  It  appears 
to  have  been  originally  left  in  the  manufcript,  although  it  is 
impofiible  to  conjecture  the  reafon  of  the  omifiion.  The  gro¬ 
cer,  who  had  purchafed  the  papers,  had  begun  to  tear  this 
table  before  it  coaid  be  refcued  out  of  his  hands;  but  as  he 
had  not  got  beyond  the  number  6000,  this  circumfiance  is 
comparatively  of  little  confequence.  In  all  other  refpe&s  the 
work  is  complete.  It  is  written  in  a  clear  hand,  and  /having- 
been  examined  in  feveral  hundred  places)  appears  to  pofTefs  a 
degree  of  correctnefs,  which  may  in  general  be  depended 
upon. 

Among  the  papers  were  propofals  for  printing  this  table; 
they  are  dated  1758.  There  were,  likewife,  two  fheets  of 
an  introdu&ion  to  them,  printed  in  1761.  At  this  diftance  of 
time,  it  is  impofiible  to  afcertain  the  reafon,  which  prevented 
the  publication;  but  it  is  not  improbable  that  Mr.  C.  might 
have  been  ftopped  by  the  great  expence  of  the  undertaking. 
Had  Dr.  Hutton  been  in  pofieflion  of  this  manufcript,  it  might 
have  faved  much  of  his  valuable  time,  and  if  any  man  of  fci- 
ence  fhould  be  employed  in  continuing  his  work,  it  will  be  ufe- 
ful  to  him  to  know  that  Mr.  Councer’s  has  been  preferved. 

P.  S.  Mr.  Councer  had,  likewife,  calculated  all  the  powers 
from  the  Iff  to  the  1 3th  (inclufive)  of  the  feries  of  numbers 
from  J  to  20.  And  he  has  continued  this,  for  the  nine  digits, 
as  far  as  the  26th  power.  *  S.R. 

*#*  I  received  the  preceding  notice  from  the- refpe&able 
gentleman  whofe  initials  are  fubjoined;  and  am  enabled  to  Ave 
fuch  farther  information  as  may  conduce  to  render  the  papers 
of  public  utility.  jym  jyr 

*  Dr.  Hutton’s  table  is  for  the  fquares  of  all  numbers  from  1  to 
25000,  and  the  cubes  of  all  from  1  to  10000, 
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Phofphoric 


tings. 


On  Phofphoric  Rings ;  from  n  Correfpondent :  R.  B. 

I  DO  not  know  that  any  one  has  explained  the  phenomenon 
of  thofe  den fe  cloudy  rings  which  are  produced  when  phofpho- 
rated  hydrogen  arifes  through  water,  and  explodes  in  the  air. 
an  efFeft  fimilar  to  what  is  fomelimes  feen  on  the  firing  of  can¬ 
non.  Upon  clofe  infpe&ion  the  fact  appears  to  take  place  thus. 
The  bubble  of  hydrogen,  containing  phofphorus  in  f'olution, 
rifes  and  lakes  fire.  Phofphoric  acid  is  leparated  in  the  form 
of  white  fmoke;  through  which  denfe  mafs  the  expanfive  ac¬ 
tion  is  directed  upwards.  A  fluid  opaque  ring,  denfer  than  the 
atmofphere  is  thus  formed,  the  inner  furface  of  which  is  made 
to  afcend  by  the  rapid  flroke,  while  the  external  part  has  re¬ 
ceived  little  or  no  impulfe.  The  natural  confequence  is  a  quick 
rotation  of  the  ring,  from  within  outwards,  which  fhews  it felf 
to  the  fight,  and  feems,  in  fome  manner  or  another,  as  if  it 
kept  the  parts  together. 


How  io  meafure  the  Contents  of  any  Pipe  by  a  very  ready  Method . 

Contents  of  any  MY  ingenious  correfpondent,  Mr.  Woolf,  fometime  ago 

pipe  in  pounds  gave  me  a  ready  method  of  meafuring  the  contents  of  a  pipe, 

oi  gallons.  r  ,, 

as  follows: 

Square  the  diameter  in  inches,  and  the  produtt  will  be  the 
number  of  pounds  of  water  in  every  yard  length  of  the  pipe. 
Or  if  the  lafl  figure  be  cut  off  or  confidered  as  a  decimal,  the 
remaining  figures  will  give  the  ale  gallons  in  the  yard. 
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ARTICLE  I. 

Letter  from  Mr.  Ezekiel  Walker,  on  the  Methods  of  ob - 
ferring  the  Longitude  at  Sea  ;  with  an  Exhibition  of  the  very 
great  Accuracy  of  the  mean  Refult  from  a  Number  of  Chro¬ 
nometers. 


To  Mr;  NICHOLSON. 


SIR, 


I  HE  two  moft  approved  methods  of  finding  the  longitude  Longitude  found 

at  fea,  are  thofe  by  lunar  obfervations  and  by  time-keepers.  .Iunar  °Ker" 

1  vations  and  by 

Although  thofe  methods  are  now  brought  to  confiderable  per- time-pieces, 
fe&ion,  yet  they  can  only  be  looked  upon  as  in  a  progreffive 
fiate  towards  that  point  of  precifion,  at  which  the  afironomer 
and  the  artift  have  long  been  labouring  to  arrive. 

The  lunar  theory  is  ftili  but  imperfeCUy  underfiood;  but  per-  Both  methods 
haps  the  time  is  at  no  great  difiance,  when  it  (hall  be  as  well  ftili unproveabi*. 
known  as  the  theory  of  any  other  planet.  Nor  is  it  unphilo- 
fophical  to  fuppofe,  that  fome  property  of  matter,  which  is  at 
prefent  unknown,  may  hereafter  be  difcovered,  by  means  of 
which  a  time-keeper  may  be  fo  confiruCted  as  to  perform  as 
well  at  fea  as  a  regulator  on  fhore. 

Thefe  are  conjectures,  though  probable,  that  I  (ball  not  in¬ 
fill  upon  any  further,  but  proceed  to  inquire  into  the  merits  of 
the  two  methods  in  their  prefent  fiate  of  perfection. 

Vol.  VIII,—  June,  1804.  F 
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METHODS  OF  OBSERVING  THE  LONGITUDE  AT  SEA# 


time -pieces'. 


The  lunar  me-  The  imperfedion  of  the  lunar  method  is,  that  in  confcquence 

ever  fubjedt  to"  bad  wither,  or  the  moon’s  not  being  above  the  horizon,  it 

thofe  intervals  fometimes  happens  that  the  necelfary  obfervations  cannot  be 

wherein  the  ta^en  for  many  weeks.  And  thefe  long  intervals  between  one 
moon  cannot  be  J  _  .  c  . 

feen.  lunar  obfervation  and  another,  mull  for  ever  happen  from  the 

fame  caufes;  and  thofe  caufes  are  fuch  as  no  human  art  can 

remove. 

Inftances  of  the  La  Peroufe,  in  his  voyage  round  the  world,  was  at  one 
JvcqtencyTfob  time  31  days  without  taking  a  {ingle  lunar  obfervation  ;  but  he 
ftrvations  by  had,  within  that  time,  20  obfervations  by  his  time-keeper. 

At  another  time  during  the  tame  voyage,  24  days  elapfed 
without  a  lunar  obfervation  ;  but  he  had  20  obfervations  by 
his  time-keeper.  Lord  Hugh  Seymour,  in  his  voyage  to  the 
Weft  Indies  in  the  year  1796,  had  been  at  fea  near  fix  weeks 
before  the  firft  lunar  obfervation  was  obtained,  in  which  pe¬ 
riod  the  longitude  had  been  obtained  SO  times  by  his  time¬ 
keepers. 

What  has  juft  been  mentioned  fets  time-keepers  in  a  very 
favourable  light,  but  it  remains  to  inquire  into  their  imperfec- 

_  ._b _  tions.  1 .  A  time-keeper  may  flop.  2.  It  may  alter  in  its  rate 

winding  up;  or  0f  g0jng.  3.  It  may  not  be  wound  up  through  forgetfulnefs. 
accfdent."  '  ™  And,  4.  It  is  liable  to  other  accidents,  even  in  the  moft  care¬ 
ful  hands.  But  thefe  are  defeds  which  may  be  removed,  and 
a  refult  obtained,  which  will  be  more  perfect  than  by  any  time¬ 
keeper  that  has  yet  been  made. 

The  method  which  I  have  to  mention  mud  be  known  to 
many  gentlemen,  as  I  had  the  honour  to  lay  it  before  the  com- 
from  time1  keep-  miffioners  of  longitude  in  the  year  1783.  The  method,  how- 
crs ;  propofed  ever,  feems  either  very  little  known,  or  not  much  attended 
to.  La  Peroufe  made  no  ufe  of  it  in  his  voyage  round  the 
world;  hence  it  may  be  fuppofed  that  it  was  unknown  in 
France  at  that  time.  Nor  is  it  once  mentioned  by  Mr.  Wales 
in  his  excellent  treatife  on  the  method  of  finding  the  longitude 
at  fea  by  time-keepers;  although  he  had  “  been  pretty  inti* 
mate  with  the  fubjed  for  near  forty  years”*. 

The  method  which  I  have  recommended  depends  upon  a 

taking  the  mean  parjjcu|ar  upe  ()p  time-keepers  as  they  are  no\V  conflruded. 
refuit  of  a  num- '  .  ,  ,  ,  ,  _  .  ,  ,  r  A  . 

ber  of  machines.  Although  the  bell  time-keeper  be  loo  impel  tea  a  machine  to 

be  depended  upon  lor  determining  the  longitude  in  long 


Time-keepers 
may  (top;  or 
may  alter ;  or 
be  neglected  in 


Method  of  ob¬ 
taining  a  more 
perfect  refult 
from  time-  ke 
ers ;  propofec 
upwards  of  20 
years  ago. 


It  confiffs  in 


Preface  to  Wales  on  the  longitude,  p.  5, 


voyage?. 


Methods  of  observing  the  longitude  at  sea,  ? 

Voyages,  yet  if  five,  fix,  or  more,  be  taken  to  fea  in  the  fame 
fliip,  the  longitude  computed  by  each  feparately,  and  the 
mean  of  their  refults  taken,  it  will  come  exceedingly  near  the 
truth,  even  at  the  end  of  three  or  four  months. 

Another  very  great  advantage  retulting  from  this  method  is.  This  method  . 

±  n  ,  I  r  I  •  1  o  0  .  ,  r  ,  •  faves  the  time  10 

that,  lnould  one  ot  the  time-keepers  lrop,  it  may  be  let  going  cafe  0f  negie£t 

again  by  the  reft  ;  or  ftiould  one  of  them  be  found  to  go  very  in  winding  up, 

incorrectly,  its  rate  may  be  rejected,  and  the  longitude  ft  ill 

determined  by  thofe  which  fhall  be  fuppofed  to  go  well ;  in 

ftiort,  this  method  is  almoft  intirely  free  from  all  thofe  accidents 

to  which  a  ftngle  time-keeper  is  liable. 

The  two  following  examples,  which  are  taken  from  the  rates  and  affords  a 
of  chronometers  that  have  been  determined  in  fixed  obferva-  gree  Ofpreci/On; 
tories,  will  ftiow  the  perfection  of  this  method  more  clearly.  Examples, 

In  the  firft  example,  which  contains  a  period  of  30  days,  there 
are  only  two  inftances  in  which  this  method  differs  fo  much  as 
a  ftngle  fecond  from  mean  time.  In  the  fecond  example,  con¬ 
taining  a  period  of  fix  weeks,  the  greateft  error  on  any  one  day, 
during  that  time,  is  only  b"  .9,  and  the  total  error  at  the  end  of 
that  period,  is  only  1".9.  . 

It  may  be  faid  that  thefe  are  favourable  fpecimens,  but  fup-  If  the  chrono- 

poftng  that  thefe  chronometers  had  gone  ten  times  worfe  than  ^med  ten  times 

they  did,  the  greateft  error  in  the  firft  example  would  have  worfe,  the  error 

amounted  to  no  more  than  1 1".3;  and  the  greateft  error  in  the  w®uW  have  beeo 
_  ,  .  .  ,  ,  4  .  lels  than  one 

fecond  example  would  not  have  exceeded  a  tingle  minute,  minute  per 

month. 
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FIRST  EXAMPLE. 


Table  of  the  go¬ 
ing  of  three 
chronometers, 
and  their  mean 
refult. 

t 

Day  of  the 
Month. 

Air.  Arnold’s  Chronometers.  Mean  Da-,y 

Total  Error 
of  Three 
Chronome¬ 
ters. 

Daily  Rate 
of  No.  36. 

Daily  Rate 
of  No.  51. 

K.ate  or 

Daily  Rate  ThreeChro- 
of  No.  59.  nometers. 

Feb. 1779 

Feb. 1782 

Feb. 1733 

1 

-f  0//.79 

• 

0 

1 

-  1*.5 

-  0".33 

-  O'7. 3  3 

2 

-  0  .15 

4*  1 

1  .5 

0  .18 

0  .51 

3 

-f  0  .15 

-  0  .4 

4-  0  .3 

4-  0  .02 

0  .49 

4 

0  .00 

4~  0  .5 

0  .7 

0  .40 

0  .09 

5 

-  1  .16 

0  .0 

0  .0 

-  0  .39 

0  .48 

6 

+  1  .34 

-  0  .7 

-  1  .6 

0  .32 

0  .80 

i 

0  .81 

1  .3 

0  .4 

0  .30 

1  .10 

0  9 

8 

-  0  .26 

0  .0 

4-  1  .4 

4-  0  .38 

.  0  .72 

9 

4~  0  .56 

0  .5 

0  .2 

0  .09 

0  .63 

10 

0  .07 

0  .0 

0  .6 

0  .22 

0  .41 

1  1 

-  0  .45 

-P  0  .2 

0  .0 

-  0  .08 

0  .49 

12 

0  .39 

0  .3 

-  1  .2 

0  .43 

0  .92 

13 

0  .25 

0  .6 

0  .4 

0  .02 

0  .94 

14 

0  .35 

0  .9 

4-  1  .4 

4-  0  .65 

0  .29 

15 

1  .48 

-  0  .9 

1  .2 

-  0  .39 

0  .68 

16 

4-  0  .09 

0  .2 

0  .2 

+  0  .03 

0  .65 

17 

0  .30 

0  .5 

2  .2 

0  .67 

4-  0  .02 

18 

-  0  .58 

0  .7 

1  .4 

0  .01 

4-  0  .06 

19 

0  .77 

0  .1 

1  .6 

0  .21 

0  .30 

20 

0  .90 

0  .9 

-  0  .6 

-  0  .80 

-  0  .50 

21 

0  .00 

0  .0 

4~  0  .2 

4-  0  .07 

0  .43 

22 

1  .55 

0  .0 

1  .8 

0  .08 

0  .35 

23 

0  .48 

-p  1  .0 

0  .6 

0  .37 

4-  0  .02 

21- 

0  .76 

0  .7 

1  .6 

0  .51 

0  .53 

- 

25 

0  .29 

0  .9 

1  .2 

0  .60 

1  .13 

26 

0  .68 

1  .0 

-  I  .2 

-  0  .29 

0  .84 

\ 

27 

1  .74 

1  .1 

0  .8 

0  .48 

0  .36 

28 

0  .49 

0  .1 

4-  0  .5 

4-  0  .01 

0  .40 

Mar. 

* 

1  .86 

0  .4 

0  .7 

-  0  .25 

0  .15 

♦ 

1  2 

-  0  .BO 

-  0  .7 

4-  1  .8 

4-  0  .10 

4-  0  .23 
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SECOND  EXAMPLE. 


Mr.  Madge 
Chronometer 

?. 

4/ r.  Ar¬ 
nold's 

Mean  Daily 

Total  Error 
of  Three 

L 

ireen. 

Blue. 

No. 

86. 

Rate  of 
Three. 

Chronome- 

Daily  Rate 

Daily 

Rate. 

Daily 

Rate 

1 

— 

l".l2 

-  0 

".27 

-  0 

".3 

— 

0"  .56 

—  0 

".56 

2 

.61 

4* 

.06 

0 

.1 

.22 

0 

.78 

3 

.97 

— 

.40 

+  o 

.1 

.42 

i 

.20 

4 

.6^ 

.40 

0 

.3 

.24 

l 

.44 

3 

.16 

.16 

0 

.1 

.07 

l 

.51 

6 

.11 

.05 

.05 

i 

.56 

7 

.64 

.41 

-  0 

.8 

.62 

2 

.18 

S 

.47 

.57 

0 

.7 

.58 

2 

.76 

9 

.35 

.13 

1 

.1 

.53 

3 

.29 

10 

.99 

.45 

0 

.7 

.71 

4 

.00 

1  i 

.05 

.30 

0 

.1 

.15 

4 

.15 

12 

.74 

.37 

4-  o 

.1 

.33 

4 

.48 

13 

.36 

.12 

0 

.7 

4 

.07 

4 

.41 

14 

+ 

.04 

4 

.08 

0 

.2 

.11 

4 

.30 

1.5 

4- 

.05 

— 

.38 

0 

.5 

.06 

4 

.24 

16 

— 

.26 

.34 

-  0 

.6 

— • 

.40 

4 

.64 

.17 

.00 

.45 

1 

.2 

.55 

5 

.19 

18 

4 

.43 

1 

.18 

0 

.8 

.18 

5 

.37 

19 

— 

.36 

.49 

0 

.6 

.48 

5 

.85 

20 

4- 

.07 

.19 

0 

.0 

.04 

5 

.89 

21 

4 

.39 

.23 

0 

.0 

4 

.05 

5 

.84 

22 

.44 

.17 

4-  o 

.2 

.  16 

5 

.68 

23 

/ 

.5.9 

.04 

-f-  o 

.0 

.18 

5 

.50 

24 

.49 

.46 

-  0 

.2 

— 

.06 

5 

.56 

25 

.65 

.46 

0 

.3 

.04 

5 

.60 

2  6 

.20 

•  /  4* 

4  0 

.  1 

.14 

5' 

.74 

27 

.86 

4- 

.08 

0 

.3 

4 

.41 

5 

.33 

28 

.53 

— 

.41 

1 

.5 

.54 

4 

.79 

29 

.74 

.85 

1 

.3 

.40 

4 

.39 

30 

4 

.67 

.07 

0 

.2 

.27 

4 

.12 

31 

l  .50 

4- 

.85 

0 

.6 

.98 

3 

.14 

1 

.80 

— 

.03 

1 

.8 

.86 

2 

.28 

2 

.87 

.23 

1 

.0 

.55 

1 

.73 

3| 

.63 

4* 

.02 

2 

.6 

1  .08 

0 

.65 

M 

1  .28 

.16 

0 

.4 

.61 

0 

.04 

5| 

.43 

— 

.51 

2 

.2 

.71 

4  o 

.67 

6 

.84 

.42 

0 

.8 

.41 

i 

.08 

7 

.61 

.18 

0 

.6 

.34 

i 

.42 

8 

.25 

.68 

*  0 

.2 

— 

.08 

i 

.34 

9 

.38 

.54 

-  0 

.6 

.25 

i 

.09 

10 

.41 

.39 

0 

.2 

.06 

i 

.03 

11 

— 

.S3 

— 

.27 

4-  2 

.2 

4 

.92 

4  i 

.95 

Table  of  three 
other  chronomc 
ters. 
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ON  GALVANISM. 


Hence  the 
longitude  at  Tea 
may  be  well 
determined. 


and  the  expence 
5s  inconfiderable. 


From  thefe  examples  we  may  fee  the  nature  of  fortuitous 
events,  how  regularity  rifes  out  of  irregularity;  the  error  of 
one  time-keeper  corre6ting  that  of  another  in  a  wonderful 
manner;  and  as  the  number  of  time-keepers  increafes,  the 
error  will  decreafe,  until  it  be  almoft  annihilated.  Confe- 
quently  the  method  of  finding  the  longitude  at  fea  is  no  longer 
doubtful,  as  it  m&y,  by  this  method,  be  found  to  any  degree 
of  precifion  that  may  be  ufeful  in  navigation. 

The  only  objection  that  can  be  advanced  againft  it  is  the 
expence;  but  the  fum  of  two  or  three  hundred  pounds  bears 
no  proportion  to  the  value  of  a  Britifli  fquadron,  nor  even  to 
the  value  of  a  (ingle  Eafl  India  (hip ;  and  this  fum  would  pur- 
chafe  as  many  time-keepers,  at  their  prefent  reduced  prices, 
as  would,  I  prefume,  be  fufficient  to  fecure  any  (hip  from  that 
danger  which  might  arife  from  the  want  of  knowing  the 
longitude. 


EZEKIEL  WALKER. 

Lynn,  April  19,  1801. 


II. 


Introductory 

Jptter. 


On  Galvanifm.  By  C.  Wilkinson,  Bfq, 

«  '  /  .  .  I  ,4 

May  6,  1 8 OF. 

To  Mr.  NICHOLSON. 

SIR, 

Being  now  engaged  in  fome  philofophical  le&ures  at  Bath, 
I  have  had  frequent  opportunities  of  converfing  with  Dri 
Gibbes,  a  gentleman  of  confiderable  fcientific  information, 
relative  to  his  opinions  as  to  the  apparent  decompofition  of 
water  by  the  galvanic  procefs.  As  many  gentlemen  of  emi¬ 
nence  in  this  department  of  philofophy  are  converts  to  his  doc¬ 
trine,  I  beg  leave,  through  the  medium  of  your  valuable 
Journal/to  (late  the  outlines  of  Dr.  Gibbcs’s  theory  to  the  pub¬ 
lic,  with  a  few  curfory  obfervations  which  have  occurred  to  me. 

I  am,  Sir, 

Tour’s  with  great  refpefl, 

C.  WILKINSON. 

No,  1 9,SohO’Square, 


Soon 


ON  GALVANISM.  7  1 

Soon  after  the  publication  of  the  valuable  discovery  of  the  ™“fer 

decompofi lion  of  water  by  the  galvanic  procels,  by  Metfrs.  by  galvanifm  the 

Nicho'fon  and  Carlifle,  Richter,  an  eminent  German  philofo-  effects  are  pro- 

r  .  ,  .  .  ,  duced  at  great 

pher,obfervingthat  water  becomes  decompofed  by  wires  placed  djftanccs 
at  a  confulerable  di dance  from  each  other,  could  not  conceive  afunder. 
that  the  fame  identical- particle  ol  water  could  be  influenced  by 
two  wires  at  the  fame  inftant  of  time;  and  hence  he  conjec¬ 
tured  that  the  Lavoifierean  theory  relative  to  water  being  a 
compound  fubflance  mud  be  incorre£L 

Dr.  Gibbes  fuppofes  water  to  be  an  elementary  principle,  Dr.  Gibbes  fup. 

and  that  the  two  gafes  which  are  produced  are  compounds,  ^ter^and1* 
Thus  the  oxygen  gas  which  is  difengaged  from  the  zinc  end  plus  electricity, 
of  the  battery,  is  taken  to  be  a  compound  of  water  and  pofitive  b^ea^r°£*n 
electricity  ;  the  water  condituting  its  ponderable  part,  while  minus  elec- 
the  hydrogen  gas  given  out  by  the  other  wire  connected  with 
the  copper  end  of  the  battery  is  concluded  to  have  water  alfo 
for  its  ponderable  part  in  a  (fate  of  combination  withnegative 
eleClricity. 

Dr.  G.  confiders  pofitive  and  negative  electricity  as  two  That  plus  and 
diftinct  principles,  which  when  in  a  ftate  of  union  conditute 
caloric.  Thus  in  the  explofion  of  a  mixture  of  oxygen  and 
hydrogen  gafes,  the  two  electricities  enter  into  union  and  form 
caloric,  while  the  refpeCtive  ponderable  bafes  are  precipitated 
in  the  ftate  of  water. 

Upon  this  hypothefis,  the  circumfiances  oh  the  evolution  of  Hence  flame  and 
flame  and  heat,  together  with  the  production  of  water,  are^eatj 
capable  of  explanation. 

Alfo  upon  this  fuppofition  fome  notion  may  be  formed,  why  the  galvanic 
„  '  .  ,  .  ,  ....  .  •  ’  i  phenomena, 

the  gafes  are  produced  in  the  vicinities  of  each  wire,  and 

why  oxvgen  gas  muft  be  evolved  from  the  wire  connected  with 

the  zinc  end  of  the  battery,  and  hydrogen  gas  from  the  wire 

united  with  the  copper  end. 

This  ingenious  fuppofition,  which  does  great  credit  to  the  Examination  of 
well-known  abilities  of  Dr.  Gibbes,  in  the  firfi  point  of  view  t^ie  t^eory* 
feems  to  receive  additional  iupport  from  its  apparent  fimplicity. 

But  upon  more  minute  invedigalion,  I  am  induced  to  think 
it  will  be  found  more  complicated  than  the  Lavoifierean  theory, 
and  by  no  means  fo  general  in  its  application. 

In  the  firfi  place  it  fliould  be  proved  that  there  are  two  fuch  The  two  ele^ric 
diftina  principles  as  pofitive  and  negative  elearicity  ;  and  in  no' 

fupport  of  this,  the  experiments  of  Eeles,*Sy  inner,  Atwood, 

&c.  are  by  no  means  conclusive. 

When. 
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l  z 

Nor  the  decom- 
pofition  of  am¬ 
monia  explained. 


This  theory  fup- 
pofes  oxidation 
to  be  the  addi¬ 
tion  of  water 
and  fubtra£lion 
of  ele&ricity. 
But  the  pile  re¬ 
quires  oxigen 
from  tbeatmof- 
fbcre. 


Oxidation  ap¬ 
pears  to  require 
the  di  fen  rage - 
ment  of  electri¬ 
city. 


Dr.  AfVs  ex¬ 
periment. 


I 


When  pure  ammonia  is  expofed  to  the  galvanic  action,  we 
have,  as  before,  hydrogen  from  one  wire,  and  nitrogen  from 
the  other.  How  can  thefe  productions  be  explained  upon  the 
principle  of  Dr.  Gibbes? 

This  able  phyfician  further  obferves  that  oxydation  is  a  com¬ 
bination  of  water  with  the  metallic  body,  confonant  to  the 
opinions  of  Prieftley,  Watt,  and  others. 

When  a  galvanic  pile  is  placed  under  a  receiver  fituated 
over  water,  while  the  galvanic  procefs  goes  on,  by  having  a 
metallic  circuit  from  the  top  to  the  bottom  plate,  a  lofs  of  air 
enfues,  and  which  is  found  to  be  the  pure  part  of  atmofpheric 
air:  if  the  pile  be  placed  in  an  exhaufted  receiver,  the  galva¬ 
nic  procefs  is  very  trivial,  and  the  plates  very  (lightly  oxydated. 
How  upon  the  principles  of  Dr.  Gibbes  can  we  explain  thefe 
phenomena?  If  oxydation  be  merely  the  combination  of  water 
with  the  metal,  why  fhould  the  pure  part  of  atmofpheric  air 
be  thus  feparated  while  the  metals  are  in  immediate  contact 
with  fo  much  water? 

Whether  galvanifm  be  the  caufe  or  the  efleCt  of  the  chemical 
change  induced  in  the  metallic  fubdance,  they  appear  tome  to 
be  contemporaneous  refults,  fimilar  to  what  appears  in  the  im- 
merfion  of  iron  in  a  folution  of  the  fulphate  of  copper,  and 
whether  the  iron  be  diflblved  prior  to  the  copious  precipitation, 
no  experiments  I  am  aware  of  can  decide.  From  various 
circumdances  it  appears  that  oxydation  cannot  take  place  un- 
lefs  the  combined  electricity  of  the  metal  be  capable  of  being 
difengaged.  This  is  rendered  evident  in  a  very  happy  experi¬ 
ment  of  Dr.  Ad),  who  having  been  the  adbciate  of  the  much- 
lamented  Humboldt*  in  his  fcientiflc  purfuits,  may  now'  be 
deemed  more  acquainted  with  the  minutiae  of  galvanifm  than 
any  other  perfon.  This  gentleman  has  remarked  that  when  a 
plate  of  zinc  is  immerfed  in  a  weak  folution  of  fulphuric  acid 
and  water,  a  decompodtion  takes  place,  the  oxygen  bafe  com¬ 
bines  with  the  metal,  while  the  hydrogen  is  difengaged  in  a 
gafeous  date.  When  a  plate  of  diver  is  immerfed,  no  decom¬ 
podtion  takes  place  ;  the  very  indant  a  contact  is  effected  be¬ 
tween  the  two  metals,  whether  by  portions  out  of  the  fin  id  or 
in  the  fluid,  then  the  filver  is  immediately  acted  on  and  dil- 
engages  hydrogen  alfo,  and  itfelf  becomes  oxydated. 

*  Humboldt  died  lately  at  Acapulco,  of  the  yellow  fever,  while 
attempting  to  perfedt  his  geological  obfervations. 
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In  the  firft  inftance  the  evolution  of  electricity  appears  to  be  Explanation, 
the  refult  of  a  chemical  aCtion  of  the  fulphuric  mixture  on  the 
zinc,  while  in  the  latter,  no  aCtion  is  induced  on  the  filver  till 
fome  alteration  is  effected  as  to  its  eleCtrical  Rate;  as  we  well 
know  from  other  galvanic  experiments,  that  of  zinc  and  filver, 
when  thus  combined,  the  zinc  evinces  pofitivefigns,  and  filver 
negative  ;  it  is  hence  evident  that  an  abftraCtion  of  electricity 
from  filver  is  requifite  prior  to  its  capability  of  being  aCted  on 
by  the  fulphuric  acid. 

If  I  might  prefume  to  fubmit  to  fome  of  your  chemical  Additional  re- 
readers,  an  examination  of  fueh  compound  of  filver  as  may  marks* 
thus  be  effected;  a  fulphate  of  filver  is  actually  formed,  it 
might  lead  to  fome  important  difcoveries.  I  am  every  day 
more  and  more  perluaded  that  light  and  electricity  are  the  two 
moft  active  agents  we  potfefs,  and  a  more  minute  enquiry  into 
their  refpeCtive  energies,  I  have  no  doubt,  would  enable  us  to 
explain  many  phyfical  changes  in  the  material  world,  with 
which  we  are  at  prefent  perfectly  unacquainted. 

The  very  intenfe  light  difengaged  from  charcoal  by  means  intenfe  light 
of  my  extend ve  apparatus,  has  oceafioned  me  to  be  frequently  from  gal.vanic 
honoured  with  the  attendance  of  Dr.  Herfchell ;  from  fome  combuftlon* 
converfation  I  have  had  with  him,  I  am  in  hopes  he  will  be  in¬ 
duced  to  intlitute  fome  experiments  relative  to  the  evolution  of 
light,  fo  nearly  approaching  to  folar  light.  If  thefe  fliould  be 
conducted,  I  (hall  domyfelf  the  honour  of  ftating  them  to  the 
public  through  the  medium  of  your  valuable  Journal. 


III. 

\ 

On  the  Formation  of  Snow.  By  G.  A. 

To  Mr.  NICHOLSON. 

SIR, 

nr 

T  ML  remarks  contained  in  the  enclofed  pages,  may  not, 
perhaps,  evince  any  originality  of  thought,  nor  more  than  would 
occur  to  the  moft  fuperficial  obferver;  yet  the  fuggeftions  of 
fome  perfons,  frequently  lead  to  the  oblervation  of  valuable 
faCts  by  others.  Therefore,  Sir,  you  will  make  whatever  ap¬ 
plication  of  the  paper  you  confider  beft. 


If 
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If  you  think  it  worthy  of  infertion  in  your  valuable  Journal, 
it  will  be  confidered  as  an  honorary  obligation  conferred  on, 

Your's,  moll  refpeClfully, 

23d  April,  150k  G.  A. 


On  the 
formation  of 
fnow  ;  — 


—fuppofed  to  be 
effected  by 
ele&ricity. 


Questions  re 
fpedting  the 
mode,  & c. 


Eleflricity  fup- 
pofed  not  eflen- 
tial  to  fnow  ; 

—but  a  change 
of  wind. 


The  frequent  changes  of  the  weather  that  have  taken  place 
during  the  Iafi:  winter,  having  induced  me  to  direct  my  atten¬ 
tion  to  meteorology ;  I  confefs,  that  the  manner  in  which  phi- 
lofophers  account  for  fome  of  the  phenomena  that  occur,  is  not, 
to  me,  altogether  fatisfaCtory. 

It  is  not  furprizing,  that  electricity  (with  the  immediate 
agency  ot  which  we  are  fo  little  acquainted)  fhould  be  re- 
forted  to,  as  the  grand  agent  in  all  meteorological  phenomena. 
Accordingly  we  find,  that  fnow,  and  indeed  every  variety 
ot  weather  we  experience,  is  conndcred  to  be  more  or  lefs. 
effected  by  the  electric  fluid. 

Snow  is  generally  fuppofed  to  be  the  vapours  of  the  atmof- 
phere,  difengaged  by  the  electric  fluid,  and  frozen. 

But  it  appears  to  me,  that  before  we  receive  fo  vague  an 
explanation,  the  following  queftions  might  bealked: — 

What  are  the  vapours  of  the  atmofphere  compofed  of  ? 

By  what  laws,  and  in  what  manner  does  the  eleCtric  fluid 
aCt,  either  in  the  formation  of  fnow,  or  as  a  component  part 
of  it? 

I  fhall  now  offer  a  few  remarks  fo  ftrengthen  a  fuppofition, 
that  the  electric  fluid  is  not  engaged  in,  or  in  the  Ieaft  effential 
to  the  production  or  exigence  of  fnow. 

By  an  attentive  obfervation  of  all  the  circumfianccs  that  have 
attended  the  fall  of  fqow,  during  the  lafi  winter,  I  have,  in 
aimoft  every  inftance,  found  that  it  is  accompanied  with,  or 
rather  preceded  by  a  change  oi  the  wind  ;  and  that  the  wind, 
previous  to  the  fall  of  fnow,  blew  from  fome  point  between 
the  South,  and  the  JJ  ejl ;  and  afterward  from  (ome  point  be¬ 
tween  the  Enft,  and  the  Nort/iAVcjl* 


*  If  it  is  obferved,  that  wc  fometimes  have  fnow,  without  the 
wind  changing  to  any  of  the  points  above-mentioned,  or,  even 
s without  a  njifille  change  to  us  ;  yet  it  does  not  militate  againtl  the 
following  remarks;  for  it  has  been  obferved  hy  aeronauts,  that  dif¬ 
ferent  ftrata  of  air  blow  from  cppofitc  points  at  the  fame  time. — 
Therefore,  notwithftanding  a  fouth  wind  may  prevail  at  the  furface 
of  the  earth,  a  fuperior  flratum  may  blow  from  the  North. 


Such 
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Such  being  the  fa£ts,  is  it  not  probable,  that  a  change  of  the 
tiind  is  the  caufe  of  fnow  ? 

Now  let  us  examine,  whether  fuch  a  caufe  will  produce 
fuch  an  effe<5t. 

The  winds  that  blow  from  any  of  the  points  between  the  Warm  winds 
South  and  the  Weft,  by  coming  from  warm  climates,  and  paid- 
ing  over,  perhaps,  a  very  large  tra6t  of  water,  where  there  vapours  in  fnow0 
is  a  powerful  evaporation  going  on,  muff  poflefs  a  very  great 
degree  of  humidity,  and  are  mod  commonly,  of  a  temperature 
between  45?  and  60°  of  Fahrenheit. 

The  winds  which  blow  from  any  of  the  points  between  the  Namely,  north- 
Eaft  and  the  North-Weft,  by  coming  moflly  from  fuch  high 
latitudes,  and  palling  over  immenfe  fields  of  ice,  where  eva-  wjnds. 
poration  is  undoubtedly  greatly  impeded,  cannot  be  fuppofed 
to  contain  much  water  in  folution,  but  mull  bring  with  them 
very  great  degrees  of  cold. 

Now  let  us  fuppofe  that  a  north  wind  of  any  temperature 
between  32°  and  0°  (which  it  generally  is,  in  fuperior  ftrata 
of  the  atmofphere)  meets  a  fouth-weft  wind,  as  before-men¬ 
tioned,  the  confequence  will  be,  that  the  intenfe  cold  which 
accompanies  the  former  will  convert  the  water  with  which  the 
latter  is  impregnated  into  ice ;  and  the  inflantaneous  applica¬ 
tion  of  cold  is  probably  the  reafon  why  fnow  is  produced  in 
what  we  call  flakes  ,*  for  before  the  vapour  can  concentrate  it- 
felf  into  large  particles,  or  drops,  it  is  arreded  by  the  intenfe 
cold. 

In  this  view,  the  formation  of  fnow  appears  to  be  a  beau-  Formation  of 
tiful  chemical  phenomenon;  for  the  warmer  air,  having  a  fnow« 
greater  affinity  for  the  colder  air  than  it  has  for  the  water  which 
is  held  in  folution,  the  water  is  difengaged,  cryflallized  by  the 
cold,  and  precipitated  in  the  form  of  lnow. 

It  is  generally  obferved,  that  it  is  unufually  cold  for  half  an 
hour  or  an  hour  before  the  fall  of  fnow,  and  warmer  after¬ 
wards.  Might  not  this  be  accounted  for,  by  confidering  that 
the  adverfe  wind  mull  meet  with  confiderable  refiflance,  in 
effecting  either  a  union  with,  or  a  pajfage  through  a  dratum  of 
air  furcharged  with  water,  and  confequentiy  mud  be  in  a  great 
degree  refle&ed  back  again,  not  in  the  perpendicular,  but  as 
radii  from  a  center,  in  an  oblique  direction,  part  of  which  mud 
defeend  to  the  earth.  And  it  will  undoubtedly  be  warmer, 

;  after 
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Formation  of  after  the  flrafum  of  nortli  wind  has  either  forced  a  paffago 
*now'  through  or  efFe&ed  a  union  with  the  fouth-weft  wind.* 

Though  I  have  not,  in  the  preceding  obfervations,  confi- 
dered  the  electric  fluid  as  at  all  effential  to  the  production  of 
fnow,  yet  I  do  not  deny  the  prefence  of  it.  That  fnow  con¬ 
tains  the  eleCtric  fluid,  cannot  be  doubted;  but  it  does  not  fol¬ 
low,  that  the  latter  is  necejfary  to  the  exidence  of  the  former. 
We  know  of  no  fubdance  in  nature,  that  is  impervious  to  that 
lubtile  fluid;  it  feems  to  pervade  all  bodies  with  nearly  the  fame 
facility  as  caloric.  Therefore,  though  fnow  indicates  electri¬ 
city,  it  is  probably  no  more  than  it  has  acquired  in  its  paflage 
through  an  eleCtrified  atmofphere. 

If  thofe  who  are  much  more  competent  to  the  talk  than  my- 
felf,  would  diredl  their  attention  to  this  mod  intereding  branch 
of  natural  philofophy,  I  am  inclined  to  think,  they  would  find 
the  refult  of  their  enquiries  highly  gratifying.  Meteorology 
cannot  be  confidered,  but  as  yet  in  a  date  of  infancy;  for  the 
greater  part,  our  knowledge  of  it  is  hypothefes,  which  we 
cannot  fupport  by  experiment.  Therefore,  it  is  only  by  a  clofe 
obfervation  of  faCfs,  accompanied  by  jud  inferences  drawn  from 
them,  that  we  can  arrive  at  any  degree  of  certainty  on  this 
complicated  fubject. 


IV. 

Medico  Chemical  Tie  fear  chcs  on  the  Virtues  and  Principles  of  Can - 
tharides.  By  H.  B  e  a  u  p  o  r  l  .  f 

T 

Experiments  and  Ik  HOUGH  the  animal  kingdom  prefents  us  with  only  a 
obfervations  on  fma|]  number  of  fubdances  of  ufe  in  medicine,  it  mud  never- 
thelefs  be  admitted,  that  among  thofe  we  polfefs,  there  are  fome 
of  which  the  effeCt  is  to  certain,  fo  condant,  and  fo  definite, 
that  if  we  were  deprived  of  them,  it  would  be  difficult,  and 
perhaps  impoflible,  to  find  others  to  fupply  their  place. 

Cantharides  arc  of  this  number;  their  mode  of  aCtion  is  uni- 
verfally  known,  together  with  the  advantages  they  afford  in 
many  diforders.  It  is  not,  therefore,  to  he  wondered  that  the 

*  The  water  gives  out  he3t  in  congelation.  Vide  Irwine,  Black, 
Crawford,  &c. 

•f  Annales de  Chimie,  XL VIII.  2?* 
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examination  of  thefe  in  feds  fhould  have  engaged  the  attention  Experiments  and 
ot  celebrated  phyficians,  and  that  their  analyfis  ftiould  have  obfervahons  on 
been  frequently  attempted  by  chymifts.  cantharides. 

1  he  principal  aim  ot  all  thole  who  have  operated  upon  this 
material,  has  been  to  difcover  whether  the  bliftering  property 
which  it  to  eminently  polfetfes  does  generally  appertain  to  all 
the  parts  ot  the  animal,  or  whether  it  do  not  rather  refide  in 
lome  peculiar  matter,  which,  independent  of  the  parts  which 
accompany  it,  is  capable  of  ading  alone,  and  producing  the 
effeds  which  are  obfervable  by  the  entire  cantharides. 

It  is  undoubtedly  needlefs  to  repeat  in  this  place,  what  has 
been  laid  and  done  relpeding  this  objed;  but  it  is  effential  to 
remark,  that  no  one  before  Fhouvenel  purfued  that  courfe 
which  could  lead  to  the  folution  of  the  problem  offered  for 
confideralion;  and  accordingly,  we  muft  confider  the  period 
in  which  that  phyfician  publiftied  his  experiments  on  cantha¬ 
rides,  as  the  earlieft  time  in  which  philofophers  could  indulge 
the  hope  of  afcertaining  fome  pofitive  information  refpeding 
the  nature  and  properties  of  the  immediate  material  of  thofe 
in  feds. 

But  while  we  render  juftice  to  the  labours  of  Thouvenel,  we 
muft  con fefs  that  he  has  not  carried  them  to  an  extent  anfwer- 
able  to  his  happy  commencement.  For  he  has  negleded  fome 
cl  the  moll  important  queftions,  and  among  others,  thofe  which 
relate  to  the  veficatorv,  diuretic,  and  aphrodifiac  properties  of  1 

cantharides. 

It  was  to  fupply  in  fome  meafure  the  deficiency  of  that  re- 
fpedable  philolopher  upon  the  above  three  points,  that  Citizen 
Beaupoil  has  thought  fit  to  undertake  a  new  examination  of 
cantharides.  The  paper  in  the  annals  confifts  of  an  extrad 
from  his  memoir,  by  Citizen  Deyeux. 

The  author  divides  his  differtation  into  four  parts. 

In  the  firft  he  gives  a  rapid  fketch  of  the  fpecific  properties 
of  cantharides;  the  methods  ufed  for  colleding  them,  and  the 
preparations  to  which  they  are  fubjeded  previous  to  their  in- 
trodudion  to  the  market  as  an  article  of  commerce. 

In  the  fecond  he  gives  a  flight  hiftory  of  the  ufe  and  appli¬ 
cation  of  thefe  infeds  from  the  time  of  Hippocrates  to  thepre- 
fent  period.  , 

In  the  third  vve  find  an  accurate  outline  of  the  attempts  made 
by  chymifts  to  analize  the  cantharides,  as  well  as  an  account  of 
his  own  particular  experiments  and  their  refu'ts. 


The 
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Experiments  and  ^  he  fourth  contains  every  thing  which  relates  to  the  phy  fi- 

o'llervations  on  ological  effays  made  with  thefe  animals:  the  effects  produced 
cantharides.  ,  .  .  .  ..  .  .  ,  .  ,,  „  ,  . 

bv  llieir  exhibition,  whether  internally  or  externally ;  and  laftly, 

obfervations  relative  to  the  opening  of  the  bodies  of  feveral 

dogs,  to  which  the  author  had  given  either  the  entire  cantha** 

rides,  or  the  different  immediate  materials,  which  he  feparated 

by  means  of  his  proceffes. 

As  the  firft  and  fecond  parts  contain  nothing  more  than  is  to 
be  met  with  in  various  authors,  it  is  unneceffary  to  attend  to 
them,  and  accordingly,  the  abridger  has  confined  himfelf  to 
the  third  part,  in  which  the  chemical  facts  are  given. 

rhouvenel,  who  was  the  firft  rational  experimenter  on  can- 
tharides,  made  ufe  of  water  and  alcohol  to  feparale  the  foluble 
parts  of  thefe  infects,  and  the  relults  he  obtained  were, 

1.  A  yellow  reddifh  extractive  matter,  of  a  flrarp  bitter  tafte, 
refembling,  as  he  fays,  that  of  ants,  but  lefs  acid. 

2.  Another  yellow  matter,  of  a  paler  colour  than  the  former, 
and  nearly  infipid. 

3.  A  fatty  matter,  of  a  green  colour  and  acrid  tafte,  poffeff- 
ing  the  fmell  by  which  the  entire  cantharides  are  diftinguifhed. 

4*.  Laftly,  A  parenchymatous  matter. 

Citizen  Beaupoil  obtained  fimilar  produfts;  but  he  not  only 
alcertained  their  exiftence,  but  examined  them  feparately,  and 
in  this  it  is  that  the  difference  between  his  labours,  and  thole 
of  Thouvenel  principally  confifts. 

He  firft;  obferved  that  the  aqueous  folution  of  the  peculiar 
extractive  matter  afforded  by  cantharides,  does  not  fail  to  un¬ 
dergo  a  kind  of  alteration  when  expofed  to  the  air;  that  the 
fluid  becomes  turbid,  affords  a  yellowifh  precipitate,  which  ac¬ 
quires  a  peculiar  odour ;  becomes  covered  with  a  vifeid  pellicle, 
emitting  a  foetid  ammoniacal  fmell;  and  that  when  it  has  ar¬ 
rived  at  this  term,  the  fluid  no  longer  exhibits  any  fenfible 
change.  He  afterwards  remarked  that  the  folution  here  men¬ 
tioned  belore  it  undergoes  thofe  changes  which  are  produced 
by  expofure  to  the  air,  ftrongly  reddens  the  tindlure  of  turn- 
foie;  that  when  mixed  with  redlified  alcohol  or  ether,  it  be¬ 
comes  divided  into  two  parts,  nearly  equal ;  the  one  poffeffmg 
the  form  of  a  blac  k  adhelive  precipitate,  infoinble  in  alcohol, 
and  the  oilier  that  of  a  yellow  brown  matter,  very  foluble  in 
that  fluid. 

(  The  Cmclufion  in  our  next.) 
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V. 

Defcription  qf  a  Galvanic  Apparatus  affording  a  large  Surface 
for  Oxidation,  and  convertible  into  one  orjnore  Plates  at  plea  - 
Jure.  Bp  I.  R.  I. 

To  Mr.  NICHOLSON. 

SIR,  Edinburgh,  May  10,  1804*. 

IaM  much  flattered  by  the  notice  that  you  and  Mr.  Wil¬ 
kin  fon  have  been  pleafed  to  take  of  my  late  communication, 
and  I  think  I  have  done  no  fmall  fervice  to  fcience  by  draw¬ 
ing  forth  from  both  of  you,  the  very  ingenious  difquifitions  to¬ 
wards  the  oeconomy  of  galvanifm,  which  appeared  in  yourlaft 
Journal. 

Your  defcription  of  what  may  be  called  a  Polychreft  trough.  Improvement  in 
feems  to  reach  as  near  perfection,  in  every  requifite  property  t^ie  galvanic 
for  giving  the  fhoek,  or  deflagrating  metals,  as  could  be  wifhed  :  ° 

Yet  there  is  ft i II  a  further  improvement  w'hich  has  fuggefted 
itfelf  to  my  mind  ;  but  as  it  is  probable  the  wafte  of  the  zinc 
would  be  more  confiderable,  I  mention  it  with  diffidence. 

It  appeared  to  me  in  f'ome  experiments  I  made  with  the  Corrofion  great- 
couronne  de  tajfes,  that  the  metals  were  more  corroded  to  pro- eft  in  the  ad¬ 
duce  the  fame  effeCt,  than  happened  either  in  the  pile  or  the  r°rne  ^ 
trough  ;  but  if  Mr,  WPs  idea  is  juft  (which  is  moft  likely  to 
be,  from  his  great  experience  in  the  fcience),  that  the  effeCt 
is  in  proportion  to  the  oxigenation  of  the  metal,  the  following 
plan  appears  the  beft  adapted  for  both  oeconomy  and  power. 

In  Fig.  3,  Plate  VI.  A  reprefents,  by  a  fide  view  or  feCiion,  Defcription 
a  plate  of  zinc  of  fix  inches  by  three;  in  its  centre  is  a  fquare 
piece,  from  which  riles  another  piece  of  a  fmaller  diameter, 
either  fquare  or  round.  Thefe  projecting  bits  are  both  funk 
in  a  block  of  wood  fomewhat  larger  than  the  whole  plate,  but 
not  fo  as  to  pafs  through  it ;  and  the  plate  muft  ftand  clear  of 
the  wood  and  every  part  of  the  cell,  hanging  entirely  by  the 
knob,  and  ftrongly  cemented.  A  bore  is  made  down  through 
the  thicknefs  of  the  wood,  in  a  line  with  one  through  the  fmall 
knob  of  the  zinc. 

The  copper  wire  B,  paffed  through  that  hole,  is  the  medium 
of  communicartion  from  cell  to  cell;  and  the  fame  mode  may 

be 


so 
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be  employed  in  forming  them  into  one  plate,  as  fuggefted,  in 
your  laff,  when  a  deflagrating  power  is  required. 

The  intermediate  parts  exprefs  the  wooden  blocks,  which  mufl 
be  well  covered  with  cement  on  every  fide,  and  inferted  into 
grooves,  as  the  zinc  and  copper  plates  ufually  are. 

The  engraving  that  referred  to  my  laft  communication,  was 
inaccurately  explained,  as  the  dotted  work  was  faid  to  exprefs 
the  zinc,  whereas  the  acid  liquor  was  denoted  by  it. 

I  remain,  Sir, 

With  much  refpe6t, 

Your  obedient  fervant, 

I.  R.  I. 


VI. 

On  the  Difference  beticeen  the  Effe&s  of  Ele&ricity  and  of  Heat. 

By  Cit.  Berthollet*. 

Difference  be-  I  HAVE  thought  it  important  to  determine  the  difference 

tVk ten  ele&ncjty  wj1jcj1  exjfts  between  the  adtion  of  the  eledtric  fluid  and  that 
andcaloiic. 

ot  caloric,  and  the  caufe  which  renders  their  effects  fimilar, 
more  efpecially,  as  in  the  leflons  of  the  Normal  fchools  this 
fimilitude  of  effedt  made  me  adopt  the  opinion  of  thofe  who 
have  confidered  the  eledtric  fluid  to  be  caloric  itfelf ;  I  confe- 
quently  requeffed  permiffion  of  Citizen  Charles  to  make  ufe  of 
Ills  powerful  apparatus  in  the  experiments  which  appeared  to 
me  to  be  neceflary  on  this  fubjedt.  With  that  civility  which 
thofe  engaged  in  fimilar  purfuits  are  always  fure  to  experience 
from  him,  he  undertook  to  perform  them  himfelf.  I  now  give 
tiie  retult,  fuch  as  it  was  communicated  to  me  by  Guy  Luflac, 
who  affiffed  in  the  experiments. 

Platlnn  was  not  A  wire  of  platina  was  fubmitted  to  fhocks  which  were  nearly 
much  heated  by  ftrong  enough  to  effedl  its  combuffion;  and  to  be  fatisfied  of 
nearly  capable  0f  this,  a  fliock  was  excited  by  which  a  great  part  of  the  wire 
burning  it.  was  TOelted  and  difperfed;  afterwards  the  (hocks  employed 
were  a  little  weaker,  and  immediately  after  each  the  wire  was 
touched  to  judge  of  the  temperature  it  had  acquired:  a  heat 
was  felt,  which  was  diflipated  in  a  few  minutes,  and  which, 

*  From  his  Eflai  de  Statique  Chimique. 
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at  the  utmofl,  was  eflimated  to  refemble  that  of  the  boiling 
point  of  water.  It  eledlricity  liquefied  metals  and  brought 
them  into  combuftion  by  the  heat  it  excites,  the  platina  wire 
muft,  after  a  (hock  which  differed  but  little  from  that  which 
would  have  produced  its  difperfion  and  its  combuftion,  have 
approached  the  degree  of  temperature  which  occafions  its  li¬ 
quefaction  :  now  this  degree,  which  is  the  molt  elevated  that 
can  be  obtained,  would,  according  to  the  valuation,  more  or 
lefs  accurate,  of  Wedgwood,  be  32277°  of  Fahrenheit. 

When  the  fhock  is  lufficiently  ftrong  to  deftroy  the  aggrega-  Ele&ricity  de- 
tion  of  the  platina  wire,  it  begins  by  detaching  molecular  from  taches  the  parts 
.  its  furface,  which  exhale  like  fmoke  ;  if  it  is  ftrong  enough  to  do/s  noTfufe^t 
produce  combuftion,  the  remains  of  the  wire  appear  to  be  torn 
into  filaments. 

A  thermofcope,  blackened  with  ink,  and  placed  in  the  ftream  The  deftnc 
of  a  ftrong  ele&ric  fpark,  only  experienced  a  dilatation  which  current df  fparks 
was  nearly  equal  to  one  degree  of  Reaumur's  thermometer;  heatT 
and  this  flight  effedt  might  depend  on  the  oxidation  of  the  iron 
of  the  ink  :  placed  befide  the  current,  it  did  not  fhew  any  di¬ 
latation,  although  the  air  was  necefiarily  affefted  by  the  elec¬ 
tric  aCtion  :  it  was  the  fame  when  it  was  placed  in  contaCt  with 
a  metallic  conductor  which  received  a  flream  lefs  powerful  than 
in  the  preceding  experiments.* 

A  cylinder  of  glafs  filled  with  air,  with  an  exciter  at  each  of  Eleftric  ftock 
its  extremities,  to  one  of  which  was  fixed  a  tube,  eommuni-  through  air. 
eating  with  another  cylinder  filled  with  water,  produced  an 
impulfe  at  each  fhock  which  raifed  the  water  more  than  a  de¬ 
cimeter  above  its  level;  but  its  effeCt  was  inftantaneous. 

Thefe  experiments  feem  to  me  to  prove  that  elettricity  does  Hence  It  is  In 
not  aCt  on  fubftances,  and  on  their  combinations,  by  an  ele-  ferred,  th^telec* 
vation  of  temperature,  but  by  a  dilatation  which  feparates  the  byTeating  "but 
moleculae  of  bodies.  The  flight  heat  obferved  in  the  platina  dilating, 
wire  is  only  the  effeCI  of  the  compreffion  produced  by  the  mo¬ 
leculae  which  firft  experience  the  eleCtric  aCtion,  or  which  ex¬ 
perience  it  in  a  greater  degree;  it  muft  therefore  be  compared 
to  that  excited  by  percuffion  or  compreffion. 

If  the  dilatation  was  the  effect  of  heat,  that  experienced  by 
a  gas  in  the  experiment  related  above,  would  riot  have  been 

*  A  final  1  thermometer  in  the  luminous  current  between  two 
balls  of  wood,  is  raifed  32  degrees,—  Nairne. 
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When  ammoni- 
acal  gas  is  de- 
eompofed  by 
electricity,  it  re¬ 
mains  cold. 


Lead  exploded  in 
azote  continues 
metallic,  and  is 
not  fufed. 


No  heat  is  pro¬ 
duced  by  the 
elc^ric  dilata¬ 
tion  of  metals : 
tiie  ignition  and 
heat  are  from 
oxidation  or 
combuftion* 


Eleftriciiy  fa¬ 
vours  oxidation 
by  diiriinifhng 
cohefion. 


EFFECTS  OF  ELECTRICITY  AND  HEAT, 

inftantaneous,  it  would  only  have  experienced  a  progreftive 
diminution  by  cooling,  as  when  its  expanlion  is  owing  to 
heat. 

In  the  experiment  by  which  ammoniacal  gas  is  decompofed, 
the  gas  indubitably  receives  the  eledlric  adtion,  and  neverthe- 
lefs  it  is  not  heated  ;  and  as  foon  as  the  decompofition  is  finifh- 
ed,  its  volume  remains  unchanged,  becaufe  the  eledtric  action 
which  is  employed  in  this  experiment,  is  not  lufficiently  ener¬ 
getic  to  caufe  a  perceptible  dilatation.  No  fenfible  dilatation 
is  produced  in  a  gas  by  a  fhock  which  is  not  very  Itrong,  be¬ 
caufe  the  impulfe  not  being  gradual,  like  the  expanlion  ariling 
from  caloric,  and  being  excited  inltantaneoufly,  the  refinance 
of  the  liquid  becomes  too  great,  and  cannot  be  overcome  un- 
lefs  the  dilatation  has  great  energy. 

An  experiment  of  Dieman  and  his  learned  alfociates  confirms 
this  explanation  :  They  caufed  a  (hock  to  pals  through  lead 
placed  in  a  veftel  filled  with  azote  gas,  which  could  not  oxi¬ 
date  it ;  it  was  reduced  into  powder  retaining  all  its  metallic 
properties:  If  it  had  experienced  a  liquefaction  fimilar  to  the 
adtion  of  heat,  it  would  have  cooled  gradually,  and  would 
have  congealed  into  one,  or  at  leaft  into  feveral  mailes. 

When  a  metal  is  fubmitted  to  the  eleCtric  aCtion,  the  effeCts 
produced  immediately  by  the  elcCtricity  mult  be  diltinguilhed 
from  thofe  which  are  owing  to  its  oxidation  :  The  firlt  are 
limited  to  the  diminution  or  deltruCtion  of  the  effeCts  of  the 
force  of  cohefion,  to  removing  and  difperfing  the  molecule  ; 
(if  by  this  a  little  heat  is  difengaged,  it  is  only  owing  to  the 
com  predion  fultained  by  fome  of  the  parts);  but  thofe  which 
are  occafioned  by  the  oxidation,  produce  a  high  degree  of 
heat,,  and  then  the  effeCts  aflame  all  the  appearances  of  an  or¬ 
dinary  combuftion  ;  hence  it  arifes  that  the  moft  oxidable  me¬ 
tals  are  thofe  which  become  red  with  the  greateft  facility,  and 
which  moft  (hew  the  properties  of  a  metal  liquefied  by  heat. 

EleCtricity  favours  this  oxidation,  in  as  much  as  it  diminilhes 
the  force  of  cohefion  :  it  is  thus  that  an  alkali  renders  the 
aCtion  of  fulphur  on  oxigen  much  more  powerful,  by  deftroy- 
ing  the  force  of  cohefion  oppofed  to  it,  and  that  a  metal  dif- 
folved  in  an  amalgam  is  oxided  much  more  eafily  than  when 
it  is  in  a  folid  ftate.  It  is  only  by  deftroying  the  efleas  of 
the  force  of  cohefion  that  heat  itfelf  produces  the  oxidation  of 
metals,  but  the  expanfive  aaion  of  elearicity  will  have  a  great 

advantage 
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advantage  over  that  of  caloric,  becaufe  its  action  is  confined 
to  the  folid  which  it  encounters  in  its  courfe,  fo  that  the  gas 
itfelf  will  not  experience  a  dilatation  in  oppofition  to  the  con- 
denfation  which  accompanies  the  combination  :  To  this  cir- 
cumfiance  may  be  applied  what  is  obferved  in  the  action  of 
hidrogen  gas,  which  is  capable  of  completely  reducing  an  ox¬ 
ide  of  iron  placed  in  the  focus  of  a  burning  glafs,  although 
water,  whofe  two  elements  receive  the  heat  equally,  is  de- 
compofed  by  this  metal. 


It  is  probable  that  it  is  alfo  to  the  expanfive  effed  of  an  Oxidation  of 
eledric  current  eftablifhed  between  two  metals,  having  a  lira- 
turn  of  water  interpoled,  that  the  oxidation  obferved  by  Fa-  ter. 
broni  between  thefe  fubftances,  placed  in  contact  in  water,  is 
owing,  and  which,  in  this  cafe,  appears  to  be  confined  to  the 
combination  of  the  oxigen  which  is  held  in  lolution  in  this 
liquid  *. 

All  the  chemical  effects  produced  in  fubftances  fubmitted  to  This  explanation 
the  action  of  electricity,  feem  capable  of  being  deduced  from  ^eadcify 
thefe  confiderations,  and  of  being  explained  by  the  diminution  neral,  but  does 
of  the  force  of  cohefion,  which  is  an  obftacle  to  the  combina-  ^^ce'^betweel” 
tions  which  their  moleculse  tend  to  form  ;  but  the  differences  pius  and  minus, 
which  may  be  offered  by  pofitive  eledricity  and  negative  elec¬ 
tricity  remain  to  be  determined  :  the  chemical  etfeds  of  the 
pile  of  Volta  may  be  much  more  confiderable  than  thole  of 
the  common  eledricity,  although  the  latter  poflefles  a  much 
greater  tenlion,  becaufe  its  adion  being  necefifarily  interrupt¬ 
ed,  the  chemical  effeds  which  require  time  to  be  accom- 
plifhed,  can  only  begin  to  be  effeded,  and  may  even  be  de- 
ftroyed,  by  the  fudden  re-effablifhment  of  the  firft  Hate  of  the 
body;  while  the  permanence  of  the  adion  of  the  eledromo-  Galvanifm  may 
tive  apparatus,  although  weaker  at  each  inftant,  may  give  rife  owe  ns  greater 
to  the  chemical  changes  which  it  promotes,  by  diminifhing  the  cgnfta'ncy, 
effeds  of  the  force  of  cohefion. 

I  do  not  myfelf  conlider  the  explanations  I  have  now  ha¬ 
zarded  as  more  than  conjedures,  which  obfervation  may  con¬ 
firm  or  deftroy. 


*  Joum.  de  Phyf.  Vendem.  An.  X. 
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Obfervations  on 
galvanifm. 


VII. 

Letter  from  a  Corrcfpondent  I.  R.  I.  explaining  fame  Fads  m 
Galvanifm,  and  on  ether  Objeds. 

To  Mr.  NICHOLSON. 

SIR,  Edinburgh ,  May  19,  1804-; 

I  SENT  you,  a  few  days  ago,  fonie  hints  towards  a  farther 
improvement  of  the  galvanic  apparatus*,  and  I  hope  that  the 
following  obfervations  will  arrive  in  time  to  be  added  as  a  fup- 
plement  to  my  laft  communication. 

There  feem  to  be  two  very  marked  laws  in  galvanifm  ;  the 
firft  is,  that  the  phenomena  are  produced  by  moift  oxidation, 
which  feems  a  general  one ;  but,  by  the  fecond  law,  that  they 
remain  latent  till  one  part  of  the  conducing  metal  be  made 
perfe&ly  dry  :  this  is  at  leaf!  flriftly  correft  where  two  metals 
are  employed. 

From  the  tendency  of  galvanic  effefts  to  become  latent,  by 
the  ufe  of  moift  conduftors,  a  pile  cannot  be  formed  unlels 
one  fide  of  the  oxidated  metal  be  covered  from  moifture  by 
cement,  befides  having  a  condudtor  of  a  different  metallic 
fubftance.  The  trough  is,  therefore,  beft  adapted  to  (econo¬ 
mize  galvanifm,  as  I  have  (hewn,  that  nearly  as  large  a  furface 
can  be  expofed  to  the  aftion  of  the  fluid  in  it,  as  in  the  con* 
ronne  detaffes ,  over  which  it  has  many  advantages  of  fteadi- 
nefs,  portability,  &c. 

From  the  neceffity  of  dry  conduftors  to  alternate  with  moift 
to  produce  the  more  ftriking  and  perfefl  galvanic  effe&s,  it 
would  appear  that  the  former  give  the  neceffary  celerity  to 
their  aflion  ;  it  might  therefore  be  ufeful  to  enquire,  whether 
making  them  of  a  confiderable  length,  and  inclofing  them  in 
fome  fubftance  that  would  infure  them  from  the  moifture  in- 
fe parable  from  the  galvanic  apparatus,  might  not  confiderably 
increafe  that  celerity. 

It  is  much  to  be  wiflied  that  the  end  conductors  were  im¬ 
proved  ;  jointed  wires  feem  to  lofe  much  of  the  power,  by 
not  being  in  perfed  contact ;  fpiral  wire  feems  better  adapted 
to  that  ufe,  and  more  capable  of  varying  in  its  direction. 

*  See  page  79. 

It 
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It  does  not  feem  impofiible  to  take  a  (hock  of  its  full  force  Obfervations  or 
irom  piles  or  troughs  of  different  powers,  by  bringing  their  8“lvanifm» 
conductors  very  near,  but  keeping  them  from  adtual  contadt 
by  pieces  of  ivory  or  baked  wood  :  it  does  not  feem  fo  clear 
that  the  full  power  of  combuftion  could  be  preferved  in  the 
fame  manner. 

I  was  lately  rather  furprized  to  find  that  galvanifm  had  the 
cfFedt  of  making  filver  remarkably  brittle  :  this  looks  as  if  its 
adtion  was  fomehow  connedted  with  the  malleability  of  the 
perfect  metals,  and  to  fhew  that  the  condudting  metals  fhould 
be  occaflonaMy  palled  through  the  fire:  the  filver  plates  were 
nearly  clean. 

I  will  conclude  with  an  obfervation  on  another  fubjeft.  Attraction  of 
Having  kept  a  confiderable  variety  of  Reeves’s  water-colour  by 

i  i  t  r  n  lde  Oa  cobalt^ 

cakes  in  a  damp  clofet,  many  of  the  cakes  were  in  fome 
degree  affedted  by  it  fo  as  to  acquire  mold;  but  the  colour 
that  Reeves  fells  under  the  name  of  Royal  Smalt,  has  a  moft 
furprifing  power  of  attradling  moiflure,  as  it  was  reduced  mod 
completely  to  a  loft  mafs ;  as  almoft  all  the  vegetable,  animal, 
and  mineral  fubflances  ufed  in  painting  were  in  the  fame  box, 
we  may  pretty  fairly  conclude  that  an  oxide  of  cobalt  furpaffes 
them  all  in  its  power  of  attradiing  moiflure,  and  would  make 
a  mofi  delicate  hygrometer  it  fufpended  from  one  arm  of  a  fine 
beam. 

I  am.  Sir, 

With  much  refpedi. 

Your  obedient  fervant, 

I.  R.  I. 


VIII. 


On  the  Prefence  of  a  new  earthy  Phofphate ,  found  in  the  Bones  of 
Animals,  which  does  not  exift  in  thofe  cf  Men.  By  Four- 
c r o  v  and  Vauquelin.  Read  before  the  Rational  Injlitute, f 


We  flatter  ourfelves  the  Inflitute  will  recoiled!  our  labori-  Recapitulation 

ous  eflays  on  the  analyfis  of  urine,  and  ftony  concretions  found  of  die  analyfia 

in  the  body  of  man  apd  animals;  with  the  linking  difference  tfo^hTfphate  in 

ex i fling  between  them,  and  the  caufe  to  whifch  the  latter  is  urine  of 

animals, 

*  Gehlen’e  New  Journal  of  Chemiftry,  I.  555. 
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Nor  the  morbid 
concretions 
called  urinary 
calculi. 


The  bones  alfo 
differ. 

Thofeof  animals 
contain  phof- 
phate  of  mag- 
nefia  ;  thofe  of 
man  do  not. 


jVIethod  of  fe- 
parating  mag¬ 
nefia  from  the 
bones  of  ani¬ 
mals. 


owing.  We  endeavoured  to  prove  in  thofe  e flays  that  none  of 
the  falts  called  phofphates,  (which  exift  in  abundance  in  the 
urine  of  man)  are  to  be  found  in  the  urine  of  mamiferous  ani¬ 
mals,  that  their  kidneys  are  not  the  concretory  of  thefe  faline 
combinations;  but  that  the  hair  which  covers  their  fkin,  and 
the  corneous  appendages  which  defend  their  extremities,,  are 
the  organs  and  repofltories  in  which  nature  fecretesand  depofits 
thefe  falts  in  the  body  of  animals. 

We  have  alfo  fhown  that  the  morbid  and  preternatural  con¬ 
cretions,  called  urinary  calculi  of  man,  contain  befides  uric 
acid,  alfo  phofphate  of  lime  and  phofphate  of  magnefia;  none 
of  which  are  met  with  in  thofe  of  animals;  and  that  on  the 
contrary,  the  flony  concretions  found  in  the  intefiinal  canal  of 
animals,  always  contain  phofphates  of  different  kinds,  whereas 
the  concretions  met  with  in  the  inteffines  of  man,  do  not  con¬ 
tain  a  veffige  of  them. 

We  fliall  now  endeavour  to  prove  that  the  bones  of  ani¬ 
mals  alfo  differ  in  compofition  from  thofe  of  men.  We  have 
found  that  the  former  contain,  befides  phofphate  and  carbonate 
of  lime,  alfo  phofphate  of  magnefia;  the  latter  of  which  has 
hitherto  efcaped  the  notice  of  chemifts.  This  fait  which  we 
have  dete&ed  in  the  bones  of  all  the  animals  we  hitherto  ex¬ 
amined,  does  not  at  all  exifl  in  the  bones  of  man.  We  fliall 
firft  flate  the  method  we  employed  for  detedingand  feparating 
it,  and  then  point  out  the  relative  proportions  in  which  it  ex- 
ifls  in  different  animals. 

Take  a  quantity  of  bones  of  adult  animals,  burn  them  to 
whitenefs  in  an  open  fire,  and  reduce  them  to  a  fine  powder. 
Upon  one  part  of  this  powder,  after  having  been  put  into  a 
convenient  earthen  or  glafs  veffel,  affufe  an  equal  quantity  by 
weight  of  concentrated  fulphuric  acid;  ffir  the  mixture  inti¬ 
mately  together,  and  then  fuffer  it  to  ffand  for  five  or  fix  days. 
Having  done  this,  dilute  the  mafs  with  at  leaf!  ten  times  its 
bulk  of  water,  agitate  it  well  and  transfer  it  on  a  flrainer. 
When  no  more  fluid  pafles,  diffufe  the  mafs  again  through  five 
times  its  quantity  of  water,  and  ftrain  again  as  before,  and  re¬ 
peat  this  procefs  till  the  water  runs  taflelefs.  The  fluids  thus 
obtained,  are  to  be  added  together,  and  mingled  with  liquid 
ammonia,  taking  care  the  latter  be  in  excefs.  The  preci¬ 
pitate  which  is  obtained  confiffs  of  phofphate  of  lime,  phof¬ 
phate  of  ammonia,  and  phofphate  of  magnefia.  To  feparate 

thefe 
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thefe  falts,  vvafh  it  in  as  little  cold  water  as  pofiible,  and  boil  Method  of  fe- 
it  in  a  folution  of  potafii  fo  long,  till  the  odour  of  ammonia  is  neffa'frfm  the 
no  further  perceptible.  The  potafh  in  this  procefs  decompofes  bones  of  ani* 
the  phofphates  of  ammonia  and  magnefia,  leaving  the  latter  mals* 
and  phofphate  of  lime.  To  feparate  thefe  two,  let  the  whole 
be  boiled  in  acetic  acid,  the  magnefia  will  be  diffolved,  and  the 
phofphate  of  lime  remain  untouched. 

To  obtain  the  magnefia,  let  the  folution  of  acetite  of  mag¬ 
nefia  be  carefully  evaporated  to  drynefs,  re-difTolve  the  fait  in 
water,  and  decompofe  the  folution  by  carbonate  of  foda;  the 
precipitate  obtained  is  carbonate  of  magnefia.  If  it  be  pure 
carbonate  of  magnefia,  it  will  be  completely  foluble  in  fulr 
phuricacid;  if  it  contains  lime,  the  folution  will  be  cloudy, 
and  a  precipitate  will  gradually  be  depofited. 

Such  is  the  method  We  employed  for  detecting  and  feparatr 
ing  the  magnefia  contained  in  the  bones  of  animals ;  it  is  per¬ 
haps  tedious,  but  it  is  eafy  and  certain. 

The  bones  of  the  ox  examined  in  this  manner  yielded  fome- 
thing  lefs  than  of  its  weight  of  fulphate  of  magnefia,  which 
is  equal  to  about  of  phofphate  of  magnefia,  or  in  the  burnt 
bone  to  ^ . 

The  bones  of  the  horfe  and  (beep  afforded  of  phofphate 
of  magnefia. 

Thofe  of  fowls  and  fifh  yielded  nearly  the  fame  quantity  as 
thofe  of  the  ox. 

The  refults  of  a  general  analyfis  of  the  bones  of  the  cx 
were : 


Dry  gelatine  - 

-  51 

0 

Phofphate  of  lime 

37 

7 

Carb.  of  lime  - 

-  10 

0 

Phofphate  of  magnefia  - 

r 

3 

100  0 

The  prefence  of  phofphate  of  magnefia  in  the  bones  of  ani¬ 
mals,  and  its  total  abfence  in  thofe  of  man,  calls  upon  the  phy- 
fiologifi:  to  point  out  the  fource  whence  this  fait  is  derived  in 
the  former,  and  why  it  is  not  met  with  in  the  latter.  That  it 
forms  a  confiituent  part  of  the  food  of  both,  we  have  proved 
e'fewhere  ;  that  phofphate  of  lime  enters  into  the  compofition 
of  wheat,  barley,  oats,  peas,  &c.  Why  then  is  if  not  tp  be 
found  in  the  bones  of  men?  The  nature  of  the  human  urine 
may  perhaps  afiifi  in  explaining  this  problem.  We  have  proved 

that 
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that  the  urine  of  men  contains  phofphate  of  magnefta,  and  that 
the  urine  of  animals  is  free  from  it.  This  fait  is  therefore 
ejeaed  in  man,  by  the  kidneys;  it  therefore  does  not  enter 
into  the  eompofition  of  bones;  moreover  the  urinary  calculi 
of  man  frequently  contain  phofphate  of  ammonia  and  magne- 
iia,  but  no  fuch  falts  are  ever  found  in  the  ftony  concretions  ot 
the  intefiinal  canal. 


IX. 

On  the  Nature  of  Oxigcn ,  Hidrogen,  Caloric ,  SfC.  as  deduced 
from  Galvanic  Ii rperiments.  By  A  Correspondent. 

On  the  exiftence  SlNCE  we  are  told  that  oxygen  is  one  of  the  moft  eflential 
of  oxigen.  fubftances  in  the  produ&ion  of  the  moft  ftriking  phenomena 
of  nature;  that  heat  and  light  refult  from  its  change  of  com¬ 
bination,  nay,  that  animal  life  is  dependant  on  it,  it  becomes 
a  matter  of  very  great  utility  to  inveftigate  its  nature,  much 
more  to  prove  whether  it  has  any  exiftence.  It  is  well  known 
that  this  fubftance,  which  has  now  fo  long  and  fo  generally  been 
admitted-,  has  never  yet  been  exhibited  except  in  combination, 
and  that  the  evidence  of  its  exiftence  in  combination  has  never 
been  more  than  preemptive.  It  appears  from  fome  late  ex¬ 
periments  to  be  poflible  to  fubftitute  known  for  unknown  prin¬ 
ciples,  and  to  relieve  fcience  from  thofe  agents  which  are 
merely  hypothetical. 

Oxlgen  and  hi-  The  wires  from  the  galvanic  combination  of  metals  produce 
drogen  taken  to  different  effects  when  placed  in  (he  fame  veflel  of  water.  One 
the'powerfrom  produces  inflammable  air,  the  other  vital  air.  When  the  eir- 
cach  refpeftive  Cuit  is  made  by  the  human  body,  a  fhock  fimilar  to  anelectrical 
vanifwire?31-  one  is  perceived.  It  therefore  appears  that  thofe  powers 
which  thus  affedt  the  human  body,  change  water  into  inflam¬ 
mable  and  vital  air.  One  wire  always  prodaces  one  air,  and 
the  other  wire  another  air  from  water.  Is  it  not  therefore 
philofophica!  to  refer  the  production  of  one  of  thefe  airs  to  the 
power  proceeding  from  one  end  of  the  pile  and  water;  and  the 
production  of  the  other  air  to  the  power  proceeding  from  the 
other  end  of  the  pile  and  water ?  In  this  experiment  we  are 
made  fenfible  of  no  other  principle,  powder,  or  fubftance  than 
the  above-mentioned.  Why  fliould  we  therefore  have  recourfe 
to  two  hypothetical  fubftances,  oxygen  and  hydrogen,  which 

have 
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have  never  in  any  experiment  been  made  fenfible  to  us?  Is  it 
not  philofophica!  to  refer  phenomena  to  caufes  which  are  ob- 
jedls  of  our  fenfes,  rather  than  to  account  for  them  by  agents 
which  are  merely  hypothetical? 

Under  certain  circumftances  water  is  converted  into  two  Developement  ^ 
airs,  which  airs  have  peculiar  properties;  in  the  galvanic  ex- inferences, 
periment  we  are  made  acquainted  with  no  other  agent  but 
thole  powers  which  are  elicited  by  the  particular  arrangement 
of  metals,  and  thefe  powers  we  are  made  fenfible  of ;  they 
produce  different  effedts  on  various  fubftances,  and  therefore 
I  contend  that  thefe  powers  are  different  agents:  for  the  fame 
powers  under  the  fame  circumftances  thould  produce  the  lame 
effects.  The  zinc  fide  of  the  galvanic  arrangement  produces 
vital  air,  whilft  the  copper  fide  produces  inflammable  air. — 

Does  it  not  appear  from  this  experiment  that  there  are  other 
caufes  befides  caloric  that  give  aeriform  elafticity  to  bodies? 

And  do  not  the  two  powers  of  the  pile  here  feem  to  be  real 
principles?  Each  of  them  produces  a  real  and  decided  effedfc 
on  water.  At  all  events  we  have  not  in  this  experiment  any 
reafon  for  afferting  that  water  is  a  compound  body,  formed  of 
two  diftindt  and  folid  fubftances,  oxygen  and  hydrogen.  I  do 
not  mean  at  prefent  to  inquire  whether  negative  electricity  be 
a  mere  negation  or  not.  We  know  that  it  is  as  much  a  caufe 
of  repulfion  as  what  is  called  pofitive  eledtricity,  and  that  in 
experiments  of  a  different  kind  from  the  one  we  are  now  confi- 
dering.  When  a  fubftance  has  in  one  infiance  been  clearly 
proved  to  be  formed  of  certain  principles,  it  is  confident  with 
philofophieal  accuracy  to  refer  in  all  other  infiances  to  the  fame 
principles  as  the  caufes  of  the  produdtion  of  fuch  fubftance. 

Inflammable  air  therefore  is  water  rendered  aeriform  by  nega¬ 
tive  electricity  or  galvanifm;  and  vital  air  is  water  rendered 
aeriform  by  pofitive  eledlricity  or  galvanifm.  This  is  nearly 
the  enunciation  of  the  fadt,  and  I  contend  that  in  this,  and  in 
all  the  reafonings  refpedting  water  and  fire,  we  have  no  occa- 
fion  for  the  two  hypothetical  principles,  oxygen  and  hydrogen. 

In  the  above  experiment  with  the  pile  of  Volta,  it  appears  The  effeft  not 
that  it  is  not  caloric  which  caufes  the  elaftic  aeriform  ftate  0f  caufbd by  caloric*, 
either  the  vital  or  the  inflammable  air,  at  leaft  we  are  not  made 
fenfible  of  it.  If  it  were  caloric  that  proceeded  from  the  two 
wires  of  the  pile,  why  fhould  each  wire  uniformly  produce 
the  fame  air,  and  one  different  from  the  other?  There  fhould 
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Compound  na¬ 
ture  of  heat. 


Generation  of 

fie. 


he  fome  reafon  why  the  folid  bale  hydrogen  attaches  itfelf  to 
the  caloric  of  the  one  wire,  and  why  the  (olid  bafe  oxygen  is 
always  fo  ready  to  enter  into  combination  with  the  caloric  of 
the  other  wire. 

Scheele  has  afferted  the  compound  nature  of  the  matter  of 
heat,  and  that  all  inflammable  bodies  contain  a  piinciple  of 
inflammability,  which  principle,  by  combining  with  his  igne¬ 
ous  air,  produces  the  phenomena  of  combuflion.  It  does  not 
appear  that  this  opinion  has  been  controverted  by  any  decitive 
fa6t.  We  now  know  that  fome  principle  befides  caloric  is 
neceflary  in  the  produdtion  of  one  inflammable  body,  namely, 
of  inflammable  air;  which  principle,  by  combining  with  vital 
or  igneous  air,  produces  combuftion.  There-produced  water 
is  common  to  both. 

I  think  upon  a  further  profecution  of  this  inquiry,  it  will 
appear,  that  fire  is  generated  during  combuflion,  that  it  is  fire 
alone,  (that  is,  the  principle  which  caufesthe  fenfation  of  heat) 
that  caufes  all  the  phenomena  of  combuflion,  and  that  it  is,  as 
Scheele  obferves,  the  water  of  his  igneous  air  which  forms  the 
additional  weight  of  bodies  after  they  are  burned.  I  know  of 
no  chemical  faft  that  contradi6ls  this  explanation,  in  which  no 
jiew  fubflance  that  is  not  fenfibly  difcovered  is  introduced. 

A  CORRESPONDENT. 


X. 

Experiments  on  the  Yolk  of  Wool,  followed  by  f  me  Cor fiderat ions 
on  the  Cleanfing  and  Bleaching  of  IVooL  By  Cit.  Vauque- 

LIN.* 


Yolk  of  wool. 


A£tton  of  water 
upon  wool. 


SEVERAL  philofophers  have  thought  that  the  yolk  of  wool 
was  a  fatty  matter;  others  from  its  diffolving  in  water  could  not 
adopt  the  fame  opinion.  Chemical  analyfis  alone  could  decide 
this  queflion,  and  this  is  what  I  propofed  to  rryfelf  in  the  work, 
the  refult  of  which  I  now  offer. 

lft.  Water  deprives  wool  of  much  of  its  colour,  and  the 
liquid  acquires  colour,  odour  and  tafle. 

2d.  The  walkings  of  the  wool  is  milky  like  an  emulfion  of 
gum-refin,  and  palfes  through  paper  with  difficulty. 


*  FromtheAnn.de  Chimie,  Fru&idor,  An.  XI.  No.  141. 
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3d.  In  time  it  gives  a  depofition  of  fand,  carbonate  of  lime, 
and  feveral  other  foreign  bodies;  it  lathers  by  agitation  and 
heat  like  a  foliation  of  foap. 

4th.  The  water  with  which  wrool  has  been  wafhed,  filtered  *Mueous 

.  tion  and  extratr. 

and  evaporated,  yields  a  brown  extract,  thick  like  a  fyrup,  of 
an  acrid,  fait,  and  bitter  tafte:  in  this  date  it  dill  retains  its 
peculiar  odour. 

5th.  Alcohol,  applied  to  this  extra£t,  diffolves  a  part  which  Extra#  expofed 
communicates  a  reddifh-brown  colour  to  it:  if  the  alcohol  be 
feparated  from  this  fubftance  by  evaporation,  it  aftumes  the 
form  of  a  tranfparent,  thick,  and  vifcous  honey. 

The  following  are  fome  of  the  properties  which  it  offered  ;  To  acids. 

Id.  It  didblves  eafiiy  in  water,  and  its  folution  is  fpeedily 
coagulated  by  the  acids,  which  feparate  a  fat  fubftance  from  it, 
infoluble  in  water.  The  matter  thus  feparated  by  the  acids, 
collects  very  flowly ;  its  colour  is  yellowifh.  The  acids,  as 
will  be  feen  lower,  retain  a  great  quantity  of  it  in  folution, 
which  gives  them  a  reddifli  brown  colour.  By  evaporation,  It  yields  falts 
the  greated  part  of  this  fubftance,  diftolved  by  the  acids,  is  Hme and^oLfli : 
depodted  in  the  form  of  a  black  bitumen,  and  falts  are  obtained 
with  bale  of  potafh  and  of  lime.  The  greafy  matter  is  fo  ad¬ 
herent  to  thefe  falts  that  they  cannot  be  obtained  in  a  date  of 
purity  and  whilenefs,  until  after  feveral  calcinations  and  dilu¬ 
tions. 

At  the  fame  time  that  the  acids  precipitate  this  fat  matter,  Acetous  aciJ, 

.  .  ,.r  and  muriatic 

they  drive  off  a  certain  quantity  of  acetous  acid,  very  ail-  acjd. 
tinguifhable  by  its  odour.  Concentrated  fulphuric acid  black¬ 
ens  the  infpiffated  yolk,  and  difengages  fome  vapours  of  mu¬ 
riatic  acid. 

2d.  Lime-w'ater  renders  the  folution  of  the  yolk  turbid  and  Lime-water, 
milky,  but  it  does  not  form  a  coagulum  in  it  as  in  a  folution  of 
common  foap. 

3d.  Cauftie  alkalis  or  quick -lime  do  not  demonftrate  the  Cauftic  alkalis 
r  ~  .  and  quick- lime, 

pretence  of  ammonia. 

4th,  Nitrate  of  diver  produces  a  yellow  precipitate  in  it.  Nitrate  of  filver. 
which  attaches  itfelf  to  the  ddes  of  the  veffel,  like  a  fat  fab - 
fance.  Great  part  of  this  precipitate  is  diffolved  in  nitric  acid. 

The  part  of  the  yolk  which  is  infoluble  in  alcohol  has  ftill  a 

fait  tafte,  but  lefs  diftinft  than  the  part  which  is  foluble  in  this 

re-agent.  After  having  been  thus  treated  with  alcohol,  it  does  Is  not  entirely 
b  •  i  ,•  foluble  in  water 

pot  entirely  re-diftolve  in  water;  there  remains  a  glutinous  after havinp been 

matter,  treated  with 
alcohol. 
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matter,  of  a  grey  colour,  with  which  the  acids  produce  a  pretty 
brifk  effervefcence,  which  (hows  the  prefence  of  an  alkaline  . 
Contains  an  al-  carbqnate.  The  portion  which  retains  its  folubility  in  water 
kaline carbonate. communjca(es  a  reddi fli  colour  and  a  faline  tade  to  this  fluid; 

its  folution  is  not  didurbed  by  the  acids,  as  it  was  before  having 
been  treated  by  alcohol.  Caudic  alkalis  do  not  difengage  any 
Aftion  of  rc-  ammonia;  the  muriate  of  barites  forms  a  very  abundant  depo- 
agents.  fition  in  it,  the  greateft  part  of  which  is  foluble  in  water:  the 

nitrate  of  filver  alfo  occafionsa  precipitate  in  it,  which  diffolves 
partly  in  nitric  acid.  Alcohol  precipitates  this  matter  in  the 
form  of  a  mucilage,  which  is  depofited  quickly. 

Nitrate  of  iron  being  mixed  with  the  folution  of  this  fub- 
dance,  formed  a  brown  precipitate  in  it,  and  at  the  end  of 
fome  days,  the  liquor  furnifhed  a  pretty  large  quantity  of  ni¬ 
trate  of  potafh. 

The  yolk  being  decompofed  by  dilute  fulphuric  acid,  and 
the  liquor  filtered,  it  blackened  by  evaporation,  exhaled  va¬ 
pours  of  fulphuric  acid,  and  became  carbonaceous,  as  the  con¬ 
centration  of  the  fulphuric  acid  took  place.  The  refidue  being 
afterwards  wafhed  with  water,  and  the  folution  fuitably  eva¬ 
porated,  yielded  crydals  of  neutral  fulphate  of  potafh,  but  a 
good  deal  remained  in  the  folution  on  account  of  the  fuper- 
abundant  acid  which  brought  it  to  the  date  of  an  acidulous 
fait:  by  a  longer  evaporation,  this  fait  crydallizes  in  needles 
and  plates  of  a  pearly  white. 

Yields  fulphate  During  the  courfeof  tliefe  fucceflive  evaporations,  another 
phuri^aefd  ;Ul"  fpecies  of  fait  was  offered,  in  the  form  of  flattened  needles,  of 
a  fattiny  white,  and  without  any  lenfible  fade. 

This  fait  examined  with  care,  appeared  to  me  to  be  only  ful¬ 
phate  of  lime;  it  however  differed  from  it  in  fome  refpeft s ; 
for  example,  it  melts  much  more  readily  by  the  dame  of  the 
blow-pipe  into  a  globule,  tranfparent  while  it  is  in  fufion,  and 
which  becomes  opaque  bv  contracting  :  it  is  alfo  much  more 
foluble  in  water,  and  neverthelefs  does  not  contain  the  acid  in 
excefs;  as  I  have  fatisded  myfelf.  Its  folution  in  water  pre¬ 
cipitates  muriate  of  barites  and  oxalate  of  ammonia  abundantly  : 
one  of  thefe  precipitates  is  fulphate  of  barites,  amf  the  other 
oxalate  of  lime.  Neither  lime-water  nor  ammonia  didurb  its 
folution.  It  appears  therefore  that  this  fait  is  a  modification  of 
fulphate  of  lime,  which  is  probably  produced  by  the  proportion 
of  its  elements.  It  may  alfo  be  nofiible  that  this  fait  ftill  con- 

j  • 
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tains  iome  portions  of  fat  matter,  which,  by  decompofing  the 
fulphate  of  lime,  and  forming  a  little  lulphuret  would  facilitate 
(he  fufion.  I  regret  my  not  having  had  a  (ufficient  quantity  of 
this  fait,  to  examine  its  properties  more  minutely. 

The  yolk  diffolved  in  water,  filtered,  and  infpi (fated,  having  Acetic  acid; 
been  diftilled  with  dilute  fulphuric  acid,  furnifhed  a  liquor  in 
which  I  eafily  recognized  acetic  acid,  by  its  odour,  its  talie, 
and  the  properties  of  the  falts  which  it  formed  with  different 
bafes,  particularly  with  lime  and  potafh. 

Thus  the  yolk  contains  acetic  acid,  which  without  doubt  is 
combined  with  part  of  the  potafh. 

It  alfo  contains  muriate  of  potafh,  for,  with  the  folution  of  and  muriatic 
filver  it  forms  an  abundant  precipitate,  wrhich  is  not  entirely 
foluble  in  nitric  acid;  and,  by  difiillation  with  fulphuric  acid, 
it  gives  fenfible  indications  of  muriatic  acid,  which  is  mixed 
with  the  acetic  acid. 

The  yolk  evaporated  to  drynefs,  and  ftrongly  heated  in  a 
filver  crucible,  fwells,  chars,  and  exhales  fetid  ammoniacal 
vapours  ;  afterwards  oily  fumes  arile  which  take  fire,  and 
when  the  greateft  part  of  the  oil  is  diilipated,  it  reddens,  and 
enters  into  quiet  fufion.  If,  at  this  moment,  it  be  poured  on  a 
marble,  it  yields  a  fubftance  which  contracts  by  cooling,  of  a 
greyifii  colour,  and  a  very  cau flic  alkaline  tafie :  if  this  fub- 
ftance.be  afterwards  diffolved  in  water,  there  only  remains  an 
infinitely  fmall  quantity  of  carbonaceous  matter,  and,  by  eva¬ 
poration,  the  liquor  yields  a  true  potafh  (lightly  carbonated. 

It  refults  from  thefe  experiments  that  the  oil  or  greafe.  Recapitulation 
whofe  prefence  in  the  yolk  has  been  demonftrated  by  means 
of  the  acids,  is  combined  in  it  wfith  potath,  in  the  ftate  of  a  true 
animal  foap ;  that,  befides,  there  is  a  portion  of  carbonate  of 
potafh  in  excefs,  fince  the  acids  produce  a  pretty  brifk  frothy 
effervefcence  in  the  concentrated  folution  of  the  yolk.  In  ad¬ 
dition  to  the  fubfiances  which  I  have  juft  mentioned,  the  yolk 
contains  a  certain  quantity  of  animal  matter ;  for,  by  diftilla* 
tion,  it  gives  very  fenfible  traces  of  ammoniac,  and  an  oil 
whofe  fetid  odour  refembles  thofe  furnifhed  by  animal  matters. 

The  yolk  is  therefore  formed,  lji,  Of  a  foap  with  a  bafe  of 
potafh,  which  makes  the  greateft  part;  2d,  Of  a  fmall  quan¬ 
tity  of  carbonate  of  potafh  ;  3d,  Of  a  perceptible  quantity  of 
-acetate  of  potafh;  4 th,  Of  lisne,  whofe  ftate  of  combination 

I  am 
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which  are  not 
accidental. 


Ate  they  the 
produfts  of  cu¬ 
taneous  tranfpi- 
ration  ? 


In  what  ftate  are 
they  emitted  by 
the  Hon  ? 


I  am  unacquainted  with  ;  5th,  Of  an  atom  of  muriate  of  pot- 
afli;  6th,  finally.  Of  an  animal  matter  to  which  I  attribute 
the  peculiar  odour  of  the  yolk. 

I  am  of  opinion  that  all  thefe  matters  are  eflential  to  the 
nature  ot  the  yolk,  and  are  not  found  in  it  by  accident ;  for  I 
have  conflantly  found  them  in  a  great  number  of  famples,  as 
well  of  Spanifh  wool  as  of  French. 

I  do  not  here  fpeak  of  the  other  matters,  infoluble  in  water, 
which  are  alfo  met  with  in  wool,  fuch  as  the  carbonate  of 
lime,  fand,  and  filth  of  every  fort,  thefe  being  evidently  acci¬ 
dental. 

It  remained  now  to  enquire  if  all  the  matters  in  the  yolk 
were  the  product  of  cutaneous  tranfpiration,  accumulated  and 
thickened  in  the  wool,  or  if  they  were  taken  up  in  the  folds 
and  other  places  in  which  the  ffieep  lie.  It  is  very  certain 
that  all  the  elements  fit  for  the  formation  of  the  matters  con¬ 
tained  in  the  yolk,  are  found  in  the  excrements  of  thefe  ani¬ 
mals,  and  in  the  vegetables  which  ferve  them  for  litter.  Ne- 
verthelefs,  I  could  not  believe  that  all  of  it  was  the  effeft  of 
dung ;  on  the  contrary,  I  am  of  opinion  that  the  humour  of 
the  tranfpiration  is  the  principal  fource  of  it. 

The  analyfis  of  the  dung  offers  nothing  certain  in  this  refpeft, 
becaufe  the  matters  found  in  it  may  have  been  depofited  there 
by  the  fheep  themfelves. 

But  admitting  that  the  principles  of  the  yolk  arife  from  the 
cutaneous  tranfpiration,  which  is  very  probable,  are  thefe 
matters  emitted  by  the  body  of  the  animal  in  this  Hate,  and  do 
they  not  experience  fome  change  while  they  remain  in  the 
wool  ?  This  is  a  queftion  on  which  it  is  difficult  to  decide  po- 
fitively  ;  we  can  only  prefume  that  changes  are  produced  m 
it,  as  in  all  very  complex  fubftances  deprived  of  motion,  of 
which,  in  the  prefent  cafe,  we  neither  know  the  caufe  nor  the 


manner. 


Wa/hing  the 
wool  in  running 
water  is  not 
enough  tv  cleanfe 
it. 


The  yolk,  as  we  have  feen  above,  being  a  true  foap,  fo- 
luble  in  water  and  alcohol,  it  would  feem  that  nothing  better 
can  be  done  for  fcowering  the  wool  than  to  wafii  them  in  run¬ 
ning  water.  But  I  fhould  obferve  that  there  is  a  fmall  quan¬ 
tity  of  fat  matter  in  the  wool,  which  is  not  in  combination 
with  the  alkali,  and  which,  remaining  attached  to  the  wool, 
keeps  it  a  little  glutinous  ( poijjfeux ),  not  with  ftanding  the  moft 
careful  walking. 


But 
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But  il  the  wool  be  put  into  buckets,  and  only  as  much  water 
as  will  moidcn  it  poured  in,  and  if  it  be  differed  to  remain 
tome  time  in  this  bath,  preffing  it  often,  it  fcours  much  better, 
and  becomes  much  whiter  afterwards,  by  walking  in  running 
water. 

The  fcourers  have  a  cuftom  of  macerating  the  wool  in  pu-  Putrid  urine 
trefied  urine,  and  it  is  generally  believed  that  it  is  the  ammo- 
nia  which  is  developed  that  effects  the  fcouring  ;  but  I  have  ing. 
lome  reafon  to  think  that  this  alkali  is  of  no  value.  This  effect 
is  rather  owing  to  the  yolk  itfelf,  or  to  fome  other  principle  of 
the  urine,  to  the  urde,  for  example.  The  following  are  the 
grounds  of  my  opinion  in  this  refpeft  ;  I  put  wool  walked  in 
running  water  into  a  mixture  of  fal  ammonia  and  common  pot- 
a Hi ;  the  mixture  had  a  llrong  fmell  of  ammonia,  and  never- 
thelefs  the  wool  was  in  no  refpedt  cleanfed,  becaufe  this  alkali 
does  not  form,  or  at  leaf!:  with  great  difficulty,  a  faponaceous 
combination  with  the  greafy  matter  of  wool.  From  thefe  ob- 
fervations,  therefore,  I  believe  putrid  urine  to  be  nearly  ufe- 
lefs  in  the  fcouring  of  wool,  at  lead  as  far  as  refpedts  its  am¬ 
monia. 

Though  the  utility  of  putrified  urine  be  in  fome  degree  doubt-  Freih  urine 
fu),  it  is,  on  the  contrary,  very  certain  that  freih  urine  would  be  the^reafe 
greatly  injurious  to  the  propofed  object,  for  the  foap  contained 
in  the  yolk  would  incontelfibly  experience  a  decompolition  by 
the  acid  of  the  urine,  which  would  precipitate  the  greafe  on 
the  wool. 

I  fiifpedt  that  the  fame  effect  would  take  place  from  walking  As  would  water 
the  wool  in  water  containing  earthy  falts,  which  are  known  containing 
to  decompofe  alkaline  foaps.  For  which  reafon  it  is  always  Cart  ^  ^lts‘  , 

prudent  to  employ  the  pureft  water  which  can  be  procured 
for  this  purpofe. 

This  is  not  the  cafe  with  foap-fuds,  which  accomplilk  the  Soap-fuds  the 
fcouring  of  wool  perfedtly,  at  the  fame  time  giving  it  more  men^ruum* 
whitenefs.  It',  therefore,  after  having  walhed  the  wool  in 
running  water  till  it  lofes  no  more,  it  be  fuffered  to  macerate 
for  a  few  hours  in  only  one  twentieth  of  its  weight  of  foap  dif- 
folved  in  a  fufhcient  quantity  of  warm  water,  fqueezing  it 
often,  it  will  be  entirely  purged  of  the  fmall  portion  of  greafe 
which  dill  adhered  to  it,  and  will  then  have  a  foftnefs  and 
degree  of  clearnefs  which  it  could  not  have  had  without  this 
operation. 


The 
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The  yolk  exer- 
cifes  an  action 
on  the  uncom¬ 
bined  greafe. 


ufing  ft.ong 
foap  fuds 


The  yolk  itfelf,  when  a  little  concentrated,  as  I  have  already 
mentioned,  has  an  efficacious  adiion  on  the  portion  of  greafe 
which  is  not  in  a  faponaceous  (late  ;  for  I  have  found  that,  in 
putting  to  the  wool  only  the  quantity  of  water  necelTary  to 
cover  it,  it  (cours  better,  particularly  with  a  little  heat, 
Danger  of  conti-  than  when  it  is  wathed  in  running  water.  But  I  alfo  found 
to^lLg^or  f  when  wool  has  remained  too  long  in  its  own  yolk,  it 

lwelis,  Iplits,  and  lofes  its  ftrength  :  this  effedi  alto  takes  place 
with  toap-Iuds  which  are  too  firong. 

Since  the  folution  of  the  yolk  occafions  this  fwelling  and  fplit- 
ting  of  the  wool,  is  it  not  poflible  that  this  accident  may  hap¬ 
pen  on  the  (beep’s  back,  particularly  in  hot,  moift  feafons, 
or  when  they  are  (hut  up  in  folds  in  which  the  litter  is  not  often 
TUe  acrimony  of  enough  renewed?  Nor  would  it  be  impoffible  that  the  acri- 

che  yolk  pro-  ni0ny  of  the  yolk  ffiould  occafion  an  irritation  in  their  (kins, 
bably  hurtful  to  ,  ,  ,  r  9 

the  living  ani-  and,  by  that  means,  be  the  caufe  of  fome  of  the  diforders  to 

which  this  organ  is  liable  in  thefe  animals,  which  muff  princi¬ 
pally  happen  in  hot  and  damp  weather:  fortunately,  in  thefe 
feafons,  they  are  from  time  to  time  expofed  to  rains  which 
walh  them,  and  carry  off  at  Ieaft  a  portion  of  this  matter.  On 
W  a  thing  recom-  this  lubjedt  I  cordially  agree  with  thofe  who  think  that  waffl¬ 
ing  (beep  in  hot  and  dry  weather,  would  be  ufeful  to  their 
health  and  the  quality  of  their  wool. 

The  lofs  experienced  by  fcouring  wool  is  very  variable; 
the  greatefl  I  met  with  was  45  per  cent,  and  the  leaff  35  ;  it 
it  is  true,  thofe  which  I  waffied  were  very  dry.  This  lofs  is 
not  wholly  owing  to  the  yolk  ;  the  humidity,  the  earth,  and 
the  filth  of  every  fpecies,  alfo  contribute  to  it. 

I  have  made  fome  attempts  to  bleach  fcoured  wool,  but  I 
confefs  that  they  have  not  been  carried  fo  far  as  they  ought  to 
have  been.  I  have  remarked,  generally,  that  thofe  which 
had  been  wathed  writh  foap-fuds  whitened  better,  by  every 
method,  than  thofe  which  had  not.  Sulphureous  acid  diffolved 
in  water  whitened  it  pretty  well,  but  it  did  not  deftroy  the 
yellow  colour  which  the  wool,  growing  in  the  groin  and  under 
the  fore-legs  of  the  fheep,  had  contradled.  In  liquid  fulphu- 
reous  add  the  wool  acquires  the  property  of  crackling  between 
the  fingers  like  briraffoned  fi Ik,  and,  at  the  fame  time,  con¬ 
tracts  a  very  powerful  fetid  imeli,  which  is  not  diffipated  in  a 
long  time. 


mended. 


Lofs  of  weight 
by  fcouring. 


Bleaching  of 

lcoured  wool. 


I  did 


GALVANIC  DEFLAGRATIONS. 

I  did  not  try  the  vapour  of  burning  fulphur,  but  all  the 
world  knows  that  it  whitens  wool  well,  and  that  the  woollen 
manufacturers  ufe  it  to  give  the  finifhing  degree  of  whitenefs 
to  their  goods.  Of  all  the  methods  which  I  tried,  I  found 
none  better  for  bleaching  the  wool,  than  expofing  it,  on  the 
grafs,  to  the  dew  and  the  fun,  after  being  well  fcoured  with 
weak  foap-fuds :  the  yellow  fpots  of  that  from  the  groin,  how¬ 
ever,  were  not  entirely  deflroyed ;  they  had  only  diminifhed 
in  intenfity. 


XI. 


Copy  of  a  Letter  from  Mr,  Cuthbertson  to  Dr.  Pearson, 
coinmuni  eating  an  important  and  curious  diftinguijhing  Pro - 
party  betiveen  the  Galvanic  and  Eleftric  Fluids.  Communicated 
by  Dr.  Pearson. 

To  Dr.  PEARSON; 

Dear  Sir, 

I  THINK  it  right  to  inform  you,  that  yefferday  evening  I  Galvanic  defis- 
refumed  the  experiments  with  the  galvanic  batteries;  the  re-  Srati°as. 
fult  was — 

1.  Charcoal  was  deflagrated  and  ignited  for  about  one  inch 
in  length. 

2.  Iron  wire  3—  inch  diameter,  was  melted  into  a  ball 
inch  diameter. 

3.  Platina  wire  inch  diameter,  was  melted  into  a  ball 
inch  diameter. 

4.  Brafs  wire  inch  diameter,  -J  inch  in  length  was  ig¬ 
nited. 

5.  Ditto  inch  diameter,  was  red-hot  at  the  extremity. 

6.  Iron  wire  inch  diameter,  was  red-hot  for  16  inches 
in  length. 

7.  Ditto  12  inches,  deflagrated  and  melted  into  a  ball. 

8.  Ditto  fix  inches  in  length,  were  deflagrated. 

9.  Ditto  8  inches  in  length,  were  ignited. 

Two  troughs,  each  trough  containing  30  pair  of  plates  fix 
inches  fquare,  were  ufed  for  the  firft  feverr  experiments,  and 
one  of  thefe  troughs  only  for  the  two  Iaft  experiments. 
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Galvanic  defla¬ 
grations. 


PAPETI  INFLAMED  IN  NITROUS  GAS. 

The  four  laft  experiments  prove,  I  think,  that  double  quan¬ 
tities  of  galvanic  fluid  only  burn  double  lengths  of  wire,  and  not 

the  fquare,  as  eledrical  difeharges  do  *. 

I  am,  with  the  greatelt  refped. 

Sir, 

Your  very  humble  fervant, 

JOHN  CUTHBERTSON. 

'Poland- Street,  Soho , 

March  27,  1804. 


XII. 

Letter  from  a  Correfpondent,  containing  an  Obfervation  of  the 
fpontaneous  Inflammation  of  Paper  in  Nitric  Acid  Gas. 

To  Mr.  NICHOLSON. 

'■  Dear  Sir,  London ,  May  22,  1604. 

Paper!  nflamed  Th AT  feveral  different  inflammable  bodies,  while  in  a  flate 
wi  nitrous  gas.  of  inflammati0n  or  of  ignition,  burn  with  an  enlarged  flame, 
and  continue  ignited  when  immerfed  in  nitric  acid  gas,  is,  I 
fuppofe,  commonly  known  ;  but  that  paper  itfelf  would  take 
fire  and  flame  mofl  beautifully  in  this  gas,  and  at  not  a  very 
elevated  temperature,  has  not,  that  I  recoiled,  been  already 
obferved.  By  the  following  accidental  circumflance  this  phe¬ 
nomenon  was  feen  this  morning  in  the  public  ledure-room, 
while  reading  on  the  fubjed  of  nitrous  acid.  In  putting  to¬ 
gether  the  different  parts  of  the  Wolfe's  apparatus,  having 
ready  only  a  bent  tube  much  fmaller  than  the  lateral  aperture 
of  the  globe  condenfing  receiver,  I  filled  up  that  aperture, 
partly  with  a  piece  of  writing  paper  which  projeded  into  the 
receiver,  and  partly  with  almond  pafte.  Soon  after  the  acid 
had  begun  to  diftil,  and  while  the  apparatus  was  filled  with 

*  It  is  not  faid  whether  the  two  troughs  were  ufed  collaterally 
or  longitudinally.  Eledrical  jars  may  be  confidered  as  being  al¬ 
ways  combined  in  the  former  mode.  This  fubjed  teems  to  require 
comparifon  with  the  fads  given  in  Mr.  Wilkinfon’s  letter  in  our 
Journal,  Vol.  VII.  p.  207  ;  but  the  communication  came  too  late 
for  me  to  offer  any  remarks  upon  it* 
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feddifli  coloured  nitrous  acid  gas,  I  was  furprized  by  the 
burning  forth  of  flame  from  the  paper,  which  was  confumed 
by  it  in  lefs  than  a  minute,  without  cracking,  as  I  expedled, 
the  receiver.  I  think  it  unneceffary  to  make  any  comments, 
or  give,  the  rationale  of  this  fadt. 

Always  your's  faithfully, 

AMICUS. 


XIII. 


on  a  new 
conftruction. 


Defcriptionof  a  Jib  on  anew  Conjlru&ion;  by  Mr.  J.  Bramah* 

Engineer .  Communicated  by  the  Inventor. 

JlBS  of  the  ufual  conffrudtion  turn  on  two  folid  gudgeons.  Defcriptionof  a 
The  rope  by  which  the  goods  are  raifed,  paffes  over  the 
upper  gudgeon,  and  is  confined  between  two  fmall  vertical 
rollers,  in  order  that  it  may  conffantly  lead  fair  with  the  pulley 
or  flieave  at  the  extremity  of  the  jib.  According  to  this  con- 
ftrudtion,  whenever  the  crane  turns  round  its  axis,  the  rope  is 
bended  fo  as  to  form  an  angle  more  or  lefs  acute,  which  caufes 
a  great  increafe  of  friction,  and  produces  a  continual  effort 
to  bring  the  arm  of  the  jib  into  a  parallel  pofition  to  the  inner 
part  of  the  rope.  Thefe  inconveniences  may  appear  to  be 
trifling  on  paper,  but  in  adtual  practice  they  are  of  no  fmall 
importance,  for  they  neceflarily  imply  a  much  greater  exertion 
of  power  in  raifmg  goods,  and  the  application  of  a  conflant 
force  to  keep  the  jib  in  the  pofition  that  may  be  requifite ; 
while  the  partial  ftrefs  which  is  exerted  on  only  a  few  ftrands 
of  the  rope,  when  bended  into  an  acute  angle,  infallibly 
deftroys  it  in  a  very  fhort  time. 

The  Ample  conftrudtion  exhibited  in  Plate  V.  obviates  all 
thefe  defeats,  and  at  the  fame  time  poflefles  the  very  defirable 
property  of  permitting  the  jib  of  what  is  termed  a  campfhut  or 
landing  crane,  wholly  to  revolve  round  its  axis,  and  to  land 
goods  at  any  point  of  the  circle  defcribed  by  the  arm  of  the 
jib. 

It  confifts  in  perforating  the  axis  or  pillar  of  the  crane,  and 
in  conducing  the  rope  through  this  perforation  by  means  of 
an  additional  pully  fixed  on  the  top  of  the  arm  of  the  jib. 
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Defcrlption  of  a  The  nature  of  the  contrivance  cannot  fail  to  be  fufficiently 
jib  on  a  new  underfiood  by  an  infpedion  of  the  figures;  the  one  of  which 

..onrtru£tion.  jeprefents  a  jib  attached  to  the  wall  of  a  warehoufe,  the  other 

a  camp fli ut  or  landing  crane  fixed  on  the  edge  of  the  wharf. 
Each  of  thefe  jibs  turns  on  a  perforated  axis  or  pillar.  The 
rope  proceeds  from  the  goods  which  are  hoifted,  through  a 
pully  fixed  as  ufual  at  the  extremity  of  the  jib ;  it  then  paffes 
over  another  pully  fixed  at  the  oppofite  extremity  of  the  jib, 
and  is,  by  this  pully  conducted  through  the  perforated  axis 
or  pillar  to  a  third  pulley ;  whence  it  is  immediately  directed 
to  the  crane  by  which  the  weight  is  elevated. 

It  is  almofl  unnecelfary  to  flate  that  the  lower  axis  is  ufually 
fixed  in  an  oil  box,  and  that  friction  rollers  are  applied  to  the 
axis  wherever  the  eircum fiances  may  render  it  neceflary. 

The  importance  of  this  improvement,  in  an  article  of  fuch 
extenfive  ufe,  mud  be  evident  even  to  tliofe  w  ho  are  the  leafi 
acquainted  with  the  fubjed.  Mechanics  who  are  aware  that 
fimplicity  of  confirudion  and  certainty  of  etTe&  are  among 
the  moft  valuable  charaders  to  be  fought  in  engines,  will 
moft  probably  obferve  this  crane  with  pleafure  ;  and  the  ad¬ 
vantages  to  the  community  at  large  muft  be  meafured  by  the 
convenience  and  faving  of  labour  it  is  calculated  to  afford. 


XIV. 

A  Memoir  concerning;  the  Fafcinating  Faculty  which  has  been  af- 
cribed  to  the  Battle- Snake,  and  other  American  Serpents.  By 
Benjamin  Smith  Barton,  M.  D.  From  the  American 
Tranfaftions ,  Vol.  IV. 

(Concluded  fr om  Pape  62.) 

Other  fnakes  SECONDLY.  It  is  a  fad  well  known  in  this  country,  that 
(particularly  the  the  rattle-fnake  is  not  the  only  kind  of  ferpent  that  is  laid  to 
bbek-fnake  endued  with  the  faculty  of  fafcinating  birds,  fquirrels,  and 

poifonous)  are  other  animals.  As  far  as  my  inquiries  have  extended,  it  does 
faid  to  ch.m.  n0(_  appear  to  me  that,  in  general,  the  rattle-fnake  is  thought 
to  have  fo  large  a  portion  of  this  faculty  as  fome  other  fpecies 
of  ferpents.  Of  this,  at  leafi,  I  am  certain,  that  perfons  re- 
fiding  in  our  country-lituations  tell  us  many  wonderful  tales  of 
the  bewitching  eyes  of  the  black- fnake,  the  coluber  conftridor 

of 
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of  Linnaeus,  as  they  do  of  theboiquira,  or  rattle-fnake.  Now' 
let  it  be  fuppofed,  for  a  minute,  that  the  poifon  of  this  latter 
ferpent,  when  thrown  into  the  body  of  a  bird,  a  fquirrel,  &c. 
is  capable  of  producing,  in  thcfe  animals,  thofe  piteous  cries, 
thofe  fingular  movements,  thofe  tremulous  fears,  which  are 
mentioned  by  Kalm,  by  de  la  Cdpdde,  and  by  other  writers, — 
in  what  manner  are  we  to  account  for  thefimilar  cries,  move¬ 
ments,  and  fears,  in  thole  birds  which  are  frequently  feen 
under  the  fafcinating  influence  of  the  black-fnake?  For  we 
Americans  all  know7,  that  the  bite  of  the  black-fnake  is  perfe<5!ly 
innoxious.  This,  indeed,  is  alfo  the  cafe  with  the  greater 
number  of  the  fpecies  of  ferpents  that  have,  hitherto,  been 
difcovered  in  the  extenfive  country  of  the  United  States.' 

And  yet  almoft  every  fpecies  of  ferpents  is  fuppofed  to  be 
endued  with  the  power  of  fafcinating  fuch  animals  as  it  oc- 
cafionallv  devours. 

Thefe  fa6ts,  and  this  mode  of  reafoning,  certainly  involve,  and  confequently 
in  fome  difficulty,  Mr.  de  la  Cdpede,  and  thofe  writers  who  of  potfonousTn- 
efpoufe  his  opinion,  which  I  have  examined,  under  the  firft  fUence  is  un¬ 
head  of  my  objediions.  An  attempt  is  made  to  account  for  found£d* 
the  imaginary  fafcinating  faculty  of  the  ferpent  from  the  power¬ 
ful  influence  of  a  fubtile  poifon.  But,  upon  inquiry,  it  is 
found,  that  the  power  of  bewitching  different  animals  is  not 
an  exclufive  gift  of  thofe  ferpents  which  nature  has  provided 
with  envenomed  fangs  :  it  is  a  gift  which  as  extenfively  be¬ 
longs  to  that  more  numerous  tribe  of  our  ferpents,  whofe  bite 
is  innocent,  and  whofe  creeping  motion  is  their  only  poifon*. 

Thefe 

*  If  there  is  any  impropriety  in  this  mode  of  expreflion,  the  im¬ 
propriety  has  its  fource  in  my  feelings,  with  refpedt  to  the  ferpents. 

Perhaps,  no  man  experiences  the  force  and  the  miferies  of  this  pre¬ 
judice  in  a  greater  degree  than  I  do.  It  is  the  only  prejudice  which, 

I  think,  I  have  not  ftrength  to  fubdue.  As  the  natural  hiftory  of 
the  Serpents  is  a  very  curious  and  interefting  part  of  the  fcience  of 
zoology  j  as  the  United-States  afford  an  ample  opportunity  for  the 
farther  improvement  of  the  hiftory  of  thefe  animals,  and  as  I  have, 
for  a  long  time,  been  anxious  to  devote  a  portion  of  my  leifure 
time  to  an  inveftigation  of  their  phyfiology,  in  particular,  I  cannot 
but  exceedingly  regret  my  weaknefs  and  timidity,  in  this  refpedh 
I  had  meditated  a  feries  of  experiments  upon  the  refpiration,  the 
digeftion,  and  the  generation  of  the  ferpents  of  Pennfylvania.  But, 

1  want  the  fortitude  which  it  is  neceffary  to  poflfefs  in  entering  on 
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Thefe  objections  will,  I  am  perfuaded,  be  fuffieient  to 
convince  every  unprejudiced  reader,  that  the  fyftem  of  ex¬ 
planation  offered  by  Mr.  dc  la  Cdpede  is  unfounded  in  facts; 
and,  confequently,  that  the  problem  fall  remains  to  be  folved, 
in  another  way. 

Among  the  number  of  ingenious  men  who  have  amufed 
thc”faft^  SbutltS  themfelves  with  fpeculations  on  the  lubjedt  of  this  memoir, 
afcribes  it  to  a  and  who,  rejecting  the  commonly  received  notion  of  the 
moral  caufe,  exigence  of  a  fafcinating  power  in  the  rattle-fnake,  have 
attempted  to  explain  the  phenomenon  upon  other  principles, 
it  is  with  pleafure  I  recognize  the  relpedtable  Profelfor  Blu- 
menbach,  of  Gottingen.  This  gentleman,  in  a  late  publica¬ 
tion,  fpeaking  of  the  rattle-fnake,  makes  a  few  remarks  on 
the  fafcinating  faculty  which  has  been  afcribed  to  this  reptile. 
Thefe  remarks  I  final  1  tranflate  at  length. 

(t  That  fquirrels,  fmall  birds,  &c.”  fays  he,  “  voluntarily  fall 
from  trees  into  the  jaws  of  the  rattle-fnake,  lying  under  them,  is 
certainly  founded  in  facts:  nor  is  this  much  to  be  wondered 
•  at,  as  fimilar  phenomena  have  been  obferved  in  other  fpecies 

Toads,  hawks,  0f  ferpents,  and  even  in  toads,  hawks,  and  in  cats,  all  of 

&c.  are  faid  t®  r  n 

have  the  power  w’hich,  to  appearance,  can  under  particular  circumttances, 
of  fafcinating  by  entice  other  fmall  animals,  by  mere  (tedfalt  looks.  Here  the 
the  eye‘  rattles  of  this  fnake  (the  rattle-fnake)  are  of  peculiar  fervice  ; 

for  their  hiding  noife  caufes  the  fquirrels,  whether  impelled 
by  a  kind  of  curiofity,  mifunderftanding,  or  dreadful  fear,  to 
follow  it,  as  it  would  feem,  of  their  own  accord.  At  lead,” 
continues  Mr.  Blumenbach,  “  1  knowr  from  well-informed 
eye  vvitnefles,  that  it  is  one  of  the  common  practices  among 
the  younger  favages  to  hide  themfelves  in  the  w  oods,  and  by 
counterfeiting  the  biffing  of  the  rattle-fnake  to  allure  and 
catch  the  fquirrels.”*. 

the  talk.  Inftead  of  (lowly  and  cautioufly  diffefling  and  examining 
their  ttru&ure  and  their  functions,  with  that  attention  which  the 
fubjeft  merits,  I  am  more  dilpoled,  at  prefent,  to  obey  the  in¬ 
junction  of  the  Mantuan  poet,  in  the  following  beautiful  lines  : 

,  ' 

- - Cape  faxa  manu  :  cape  robora,  paflor, 

Tollentemque  minas  et  fibila  colla  tumentem 
Dij  ice:  jamque  fuga  tumidum  caput  abdidit  alte, 

Cum  medii  nexus,  exltremaeque  agmina  caudae 
Solvuntur,  tardofque  trahit  finus  ultimus  orbes. 

Georg.  Lib.  iii.  420 — 124. 

*  Handbuch  der  Naturgefchichlc,  P,  253,  Goettingen ;  1791. 
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I  do  not  intend  to  take  up  much  time  in  examining  the  fore¬ 
going  explanation.  I  (hall  offer  my  objections  to  it,  in  as 
concife  a  manner  as  I  can. 

bird.  The  faculty  of  fafcinating  is  by  no  means  pecu-  Examination  of 

liar  to  the  rattle-fnake,  but  is  attributed  as  extenfively  to  the?ei?ft8 
,  J  by  Blumenbach 

black-tnake,  and  other  lerpents,  which  are  not  furnifhed  with  which  are  con- 
the  crepitaculum,  or  fet  of  bells*,  by  which  this  ferpent  istefted* 
fuppofed  to  be  enabled  to  ring  for  its  prey,  when  it  wants  it. 

Secondly.  Some  perfons,  who  have  feen  the  rattle-fnake 
in  the  fuppofed  act  of  charming,  affure  me  that  the  reptile  did 
not  fhake  its  rattles,  but  kept  them  ftill.  It  is  true,  that 
Mr.  Vofmaer’s  rattle-fnake,  already  mentioned,  continually 
fhook  its  rattles. 

I  hirdly.  W  ith  regard  to  the  pra6tiee  of  the  young  favages,  Faffs  andob* 
fpoken  of  by  Mr.  Blumenbach,  I  know  nothing.  I  have  in- ^r^tlons  re* 
quired  of  Indians,  and  of  perfons  who  have  refided  for  a  power  of  fafci- 
confiderable  time,  among  the  Indians,  and  they  appear  to  benation  afcribed 
as  ignorant  of  the  circumftance  as  I  am  myfelf.  I  am  in¬ 
clined  to  think  that  Mr.  Blumenbach  has  been  impofed  upon: 
or,  perhaps,  the  following  circumflance  may  have  given  rife 
to  the  fiory.  The  young  Indians  put  arrows,  acrofs,"  in  their 
mouths,  and  by  the  quivering  motion  of  their  lips  upon  the 
arrows,  imitate  the  noife  of  young  birds,  thus  bringing  the 
eld  ones  fo  near  to  them,  that  they  can  be  readily  {hot  at.  In 
like  manner,  the  Lanius  Excubitor,  or  great  flirike,  hiding 
it/elf  in  a  thicket,  and  imitating  the  cry  of  a  young  bird,  often 
fucceeds  in  feizing  the  old  ones,  which  have  been  folicited,' 
by  the  counterfeited  noife,  to  the  affiftance  of  their  young. 

Ever  fince  I  have  been  accuftomed  to  contemplate  the 
objects  of  nature  with  a  degree  of  minute  attention,  I  have 
confidered  the  whole  flory  of  the  enchanting  faculty  of  the 
rattle-fnake,  and  of  other  ferpents,  as  deftitute  of  a  folid 
foundation.  I  have  attentively  Iifienedio  many  ftories,  which 
have  been  related  to  me  as  proofs  of  the  do&rine,  by  men 
whole  veracity  I  could  not  fufpeft.  But  there  is  a  fiubborn 
incredulity  often  attached  to  certain  minds.  In  me  it  was 
ftrong.  1  he  mere  force  of  argument  never  compelled  me  to 
believe.  I  always  fufpedted,  that  there  was  fome  deficiency 
in  the  extent  of  obfervation,  and  the  refult  of  not  a  little 
attention  to  the  fubjedt  has  taught  me,  that  there  is  but  one 

*  Serpent  a  fonnette  is  the  French  name  for  the  rattle-fnake. 
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wonder  in  the  bufinefs; - the  wonder  that  the  ftory  fhoufd 

ever  have  been  believed  by  a  man  of  underftanding,  and  of 
obfervation. 

In  conducting  my  inquiries  into  this  curious  fubjeCt,  I 
thought  it  would  be  proper,  and  even  neceflary,  previoufly 
to  my  forming  a  decided  opinion,  to  afeertain  the  two  follow¬ 
ing  points,  viz.  firft  •.  what  fpecies  of  birds  are  mod  frequently 
obferved  to  be  enchanted  by  the  ferpents?  and,  fecondly,  at 
what  feafon  of  the  year  has  any  particular  fpecies  been  moft 
commonly  feen  under  this  wonderful  influence  r  I  was  in¬ 
duced  to  believe  that  fhe  folution  of  thefe  two  queftions  would 
ferve  as  a  clue  to  the  inveftigation  of  wrhat  has  been  long  con- 
lidered  as  one  of  the  moft  myfierious  operations  in  nature.  I 
am  perfuaded  that  I  have  not  been  miftaken.  Poflibly,  the 
credulous  may  not  think  as  I  do. 

It  is  a  curious  circumftance  in  the  hiflory  of  birds,  that 
almofl  every  fpecies,  in  the  fame  country  at  leafl,  has  an 
almofl:  uniform  and  determinate  method  of  building  its  nefl, 
whether  we  confider  the  form  of  the  nefl,  the  materials  of 
which  it  is  conflru&ed,  or  the  place  in  which  it  is  fixed  *. 
Some  obfervations  on  this  fubjeCt  are  neceflarily  connected 
with  the  point  under  inveftigation,  in  this  memoir  ; — indeed, 
they  are  involved  in  the  queftion  concerning  the  fpecies  of 
birds  which  have  moft  generally  been  obferved  to  be  enchanted 
by  the  rattle-fnake,  &c. 

Some  birds  build  their  nefts  on  the  fummits  of  the  loftieft 
trees;  others  fufpend  them,  in  a  pendulous  manner,  at  the 
extremity  of  a  branch,  or  even  on  a  leaf  f,  whilfl  others  build 
,  them 

*  I  do  not  mean,  by  this  obfervation,  to  affert,  that  birds  are 
neceffarily  impelled  to  conftruCt  their  nefts  of  the  fame  materials, 
or  to  place  them  in  the  fame  fituations;  yet  fuch  is  the  language  of 
fome  writers  on  natural  hiftory,  and  on  morals,  who  talk  of  the 
V  determinate  inftinCP’  of  animals,  and  who  think  it  impoflible 
that  “  animals  of  the  fame  fpecies  fliould  any  where  differ.”  The 
groufe  in  America,  we  are  told,  perch  upon  trees  ;  the  hare  bur¬ 
rows  in  the  ground  ;  and  we  have,  in  thefe  inftances,  fufticient 
reafor  to  deny  that  the  fpecies  of  either  is  the  fame  with  thofe  of  a 
like  denomination,  with  which  we  are  acquainted,  in  Europe.” 
Thefe  are  the  words  of  the  celebrated  author.  See  Dr.  A.  Fergu- 
fon’s  Principles  of  Moral  and  Political  Science,  vol.  i.  p.  50  &  GO. 
quarto  edition. 

f  See  a  very  interefting  account  of  the  Motacilla  futoria,  or 

Taylor- 
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them  on  the  lower  branches,  among  bufhes,  and  in  the  hollows  Fa&sandob- 

of  decayed,  and  other  trees.  Many  fpecies,  again,  are  content 

with  the  ground,  laying  their  eggs,  and  hatching  them,  in  power  of  fafcl- 

the  cavity  of  a  done,  an  excavation  from  the  earth,  among  £a^0I^afcribed 

the  grafs  of  fields  and  meadows,  or  in  fields  of  wheat,  rye, 

and  other  grains.  Thus,  to  confine  my  felf  to  our  own  country, 

the  eagle,  the  vulture,  the  hawk,  and  other  birds  of  this 

extenfive  family,  make  choice  of  the  loftieft  oaks,  and  other 

trees  of  our  foreds  ;  the  baltimore-oriole  *,  commonly  called, 

in  Pennfylvania,  the  hanging  bird,  fufpends  a  beautiful  ned 

to  the  extremity  of  a  branch  of  the  Liriodendron  f,  or  fome 

other  tree ;  the  migrating  thruth  j,  called  robin,  is  content 

with  the  lower  branches;  the  red  thrufh  §,  the  cat-bird  ||,  the 

red-winged  oriole,  called  the  fwamp-black-bird  H,  and  many 

others  build  in  the  low  bu (lies ;  the  wood-peckers'**,  the 

blue  motacilla  (blue-bird)  ff,  the  torchepotj^,  and  others, 

build  in  the  hollows  of  trees,  the  chattering  plover  §§,  and  the 

whippoor- will  jjj|,  take  advantage  of  a  hollow  place  in  the 

ground,  or  in  a  done,  which  the  great  lark^[«[,  the  mardi- 

vvren  ***,  &c.  place  their  neds  in  the  grafs  ;  and,  ladly,  the 

partridge  fff  builds  in  the  corn-fields. 

Of  all  thefe  birds,  and  of  a  great  many  others,  thofe  which 
build  their  neds  upon  the  ground,  on  the  lower  branches  of 
trees,  and  on  low  bufhes  (efpecially  on  the  Tides  of  rivers, 
creeks,  and  other  waters,  that  are  frequented  by  different 
kinds  of  ferpents),  have  mod  frequently  been  obferved  to  be 
under  the  enchanting  faculty  of  the  rattle-fnake,  &c.  Indeed, 
the  bewitching  fpirit  of  thefe  ferpents  feems  to  be  almoft 
entirely  limited  to  thefe  kinds  of  birds.  Hence,  we  fo  fre- 
quently  hear  tales  of  the  fafcination  of  our  cat-bird,  which 
builds  its  neft  in  the  low  bufhes,  on  the  Tides  of  creeks,  and 
other  waters,  the  mod  ufual  haunts  of  the  black-fnake,  and 


Taylor-bird,  by  my  learned  friend  Mr.  Pennant,  in  his  Indian 
Zoology,  pages  44,  45  &  46. 

*  Oriolus  Baltimore, 
f  Turdus  migratorius. 

II  Mufcicapa  carolinenfis. 

**  Pici 
Xt  Sitta. 
jl[|  Caprimulgus. 

Motacilla  Troglodytes? 


*## 

i  - 


f  Liriodendron  tulipifera. 

§  Turdus  rufus. 

<f[  Oriolus  phoeniceus. 

■ff  Motacilla  Sialis. 

§§  Charadrius  vociferus. 

Alauda  magna. 
f ff  Tetrao  virginianus# 

ot.he; 
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other  ferpents.  Hence,  too,  upon  opening  the  ftomachs  of 
fome  ot  our  ferpents,  if  we  often  find  that  they  contain  birds, 
it  is  almotl  entirely  thofe  birds  which  build  in  the  manner  I 
have  juft  mentioned. 

d  his  fact  I  had  long  remarked.  It  had  made  fome  im- 
preftion  upon  my  mind  before  I  had  turned  my  attention  to 
the  fubjedt  of  this  memoir.  Lately,  when  I  came  to  take  a 
view  of  the  fubject,  the  fa<5l  appeared  to  me  to  be  of  fome 
conlequence.  I  lhall  now  avafil  mylelf  of  it. 

The  rattle-fnake  feldom,  if  ever,  climbs  up  trees*.  He 

is 

*  Some  refpe&able  writers  aflert,  that  the  rattle-fnake  does  climb 
trees,  and  that  it  does  it  with  eafe.  Mr.  de  la  Cepede  is  of  this 
opinion.  After  telling  us  that  this  reptile  lives  upon  worms,  frogs, 
and  hares,  this  naturalift  proceeds  :  f(  11  fait  aufii  fa  proie  d’oifeaux 
&  d’ecureuils  j  car  il  monte  avec  facilite  fur  les  arbres,  &s’y  elance 
avec  vivacite  de  branche  en  branche,  ainfi  que  fur  les  pointes  dts 
rochers  qu’ii  habite,  &  ce  n’eft  que  dans  la  plaine  qu’ii  court  avec 
difficult^,  &  qu’ii  eft  plus  aise  d’eviter  fa  pourfuite.”  HiJIoire 
Nature  lie  des  Serpens,  p.  409.  At  the  conclufion  of  his  account  of 
the  boiquira,  or  crotalus  horridus,  the  eloquent  author  has  run  into 
the  fame  error,  in  the  following  beautiful,  though  rather  poetical, 
apoftrophe.  “  Tranquilles  habitans  de  nos  cornices  temperees, 
que  nous  fommes  plus  heureux,  loin  de  ces  plages  ou  la  chaleur 
&  Phumidit^  regnent  avec  tant  de  force !  Nous  ne  voyons  point  un 
Serpent  funefte  in  fester  l’eau  an  milieu  de  laquelle  ii  nage  avec  fa¬ 
cility ;  les  arbres  dont  ii  parcourt  les  rameaux'avec  vitefle  $  la  terre 
dor.t  il  peuple  les  cavernes  5  les  bois  folitaires,  ou  i]  exerce  le  mtme 
empire  que  le  tigre  dans  fes  delerts  biuians,  dont  1’obfcurite 
livre  plus  furement  fa  proie  a  fa  morfure.  Ne  regrettons  pas  les 
beautes  naturelles  de  ces  climats  plus  chauds  que  le  notre,  leurs 
arbres  plus  touffus,  leurs  feuillages  plus  agreables,  leurs  fleurs 
plus  fuaves,  plus  belies  :  ces  fleurs,  ces  feuillages,  ces  arbres  cachent 
la  demeure  du  Serpent  a  lonnette.”  HiJIoire  Naturelle  des  Serpens. 
p.  4  i 9  5c  420.  I  have  been  at  fome  pains  to  dilcover  whether  the 
rattle-fnake  does  climb  up  trees.  The  leiult  of  my  inquiries  is 
that  it  does  not.  Although  I  have  had  opportunities  of  teeing 
great  numbers  of  rattle-fnakes  in  the  weftern  parts  of  Pennfylvania, 
See.  particularly  in  the  vicinity  of  the  river  Ohio,  I  never  faw  one 
of  them  except  on  the  ground.  The  bla<  k-fnake  I  have  often  feen 
upon  trees.  I  ought  not,  however,  to  conceal  that  in  the  fummer 
ot  the  laft  year,  a  Choktah-Indian  told  me,  that  the  rattle-fnake 
does  climb  trees  and  bullies,  to  a  /mail  height.  He  faid,  that  he 
haci  once  leen  one  ot  theie  fnakes  upon  a  reed.  I  am  not  very 

willing 
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is  frequently,  however,  found  about  their  roots,  efpecially  Fa£h  and  ob- 
.  .  .  .  •  f  r  lervations  re¬ 

in  wet.  fituations.  It  is  faid  that  this  reptile  is  often  leen,  fpe&ing  the 

curled  round  a  tree,  darting  terrible  glances  at  a  fquirrel,  power  of  fafei- 
which  after  fome  time  is  fo  much  influenced  by  thefe  glances,  tQ  fnake3< 
or  by  fome  fubtile  emanation  from  the  body  of  the  lerpent, 
that  the  poor  animal  falls  into  the  jaws  of  its  enemy.  1  his 
Ifory  is,  I  believe,  deftitute  of  foundation,  though  it  is  related 
by  the  good  Cotton  Mather  *.  The  rattle-fnake  is,  indeed, 
fometimes  feen  at  the  root  of  a  tree,  upon  the  lower  branches 
of  which,  at  the  height  of  a  few  feet  from  the  ground,  a  bird 
or  fquirrel  has  been  feen  exhibiting  fymptoms  of  fear  and 
d  iff  refs.  Is  this  a  matter  of  any  wonder  ?  Nature  has  taught 
different  animals  what  animals  are  their  enemies ;  and  al¬ 
though,  as  will  be  afterwards  (hewn,  the  principal  food  of 
the  rattle-fnake  is  the  great  frog,  yet  as  he  occafionally  devours 
birds  and  fquirrels,  to  thefe  animals  he  nitift  neceflfarily  be  an 
object  of  fear.  When  the  reptile,  therefore,  lies  at  the  foot 
of  a  tree,  the  bird  or  the  fquirrel  will  feel  itfelf  uneafy.  That 
it  will  fometimes  run  towards  the  ferpent,  then  retire,  and 
return  again,  I  will  not  deny.  But  that  it  is  irrefifhbly  drawn 
into  the  jaws  of  the  ferpent,  I  do  deny  :  becaufe  it  is  very 
frequenily  feen  to  drive  the  ferpent  from  its  hold  ;  becaufe  , 
the  bird  or  fquirrel  often  returns,  in  a  few  minutes,  to  their 


willing  to  deny  this  Indian’s  ftory :  yet  it  is  oppofed  to  ever^  in¬ 
formation  I  have  been  able  to  procure  from  perfons  well  acquainted 
with  the  reptile  of  which  I  am  ipeaking.  However,  it  is  not  im- 
poflible  that  where  trees  and  buflies  grow  very  clofe  together,  the 
fnake  may  climb  them  to  a  very  fmall  height.  Molt  fpecies  of  fer- 
pents  move  in  a  fpiral  manner :  the  rattle-fnake  moves  ftrait  on  j 
and  this  is  the  reafon  why  he  cannot  climb  trees.  In  the  quotation 
which  I  have  made  from  Mr.  de  la  Cepede,  another  miftake  is  in¬ 
volved.  He  fpeaks  cf  the  agility  with  which  the  rattle-fnake  moves. 
This  is  not,  however,  merely  the  miftake  of  Mr.  de  la  Cepede. 
We  find  it  in  Pifo.  Speaking  of  this  reptile,  our  author  fays : 
“  In  triviis  juxta  ac  deviis  locis  cernitur,  tarn  celeriter  proreptans 
nt  volare  videatur,  idque  velocius  per  loca  faxofa,  quam  terreftria.” 
De  India  utriufque  re  naturali  et  jnedica.  p.  274.  Now  the  truth  is 
that  the  rattle-fnake  is  one  of  the  moll  fluggifh  of  all  our  ferpents. 
Linnseus  was  well  informed,  when  he  aflerted  that  Providence  had 
given  ii  the  Crotalus  a  very  flow  motion.”  See  Reflexions,  &c« 
quoted  p.  84  of  this  memoir. 

*  Philofophical  Tranfa&ions  of  the  Royal  Society,  No.  339. 
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Fails  and  ofe-  habitations.  Sometimes  the  bird  or  fquirrel,  in  attempting  to 

fervations  re-  drive  away  the  fnake,  approach  too  near  to  their  enemy,  and 
fpeiling  the  J  .  >  rv  j 

power  of  t'ai'ci-  are  bitten,  or  immediately  devoured.  But,  from  what  w  ill 

nation  afcribed  afterwards  be  faid,  it  will  appear  that  thefe  indances  are  not 
to  fnake*.  r  .  . 

10  common  as  is  generally  imagined. 

My  inquiries  concerning  the  feafon  of  the  year,  at  which 
any  particular  fpecies  of  birds  has  been  feen  under  the  falcinat- 
ing  power  of  a  ferpent,  afforded  me  ftillmore  fatisfadion.  In 
almod  ewery  indance,  I  found  that  the  fuppoled  falcinating 
faculty  of  the  ferpent  was  exerted  upon  the  birds  at  the 
particular  feafon  of  their  laying  their  eggs,  of  their  hatching, 
or  of  their  rearing  their  young,  dill  tender,  and  defencelefs. 
I  now  began  to  fufped,  that  the  cries  and  fears  of  birds 
fuppofed  to  be  fafcinated  originated  in  an  endeavour  to  protect 
their  ned  or  young.  My  inquiries  have  convinced  me  that 
this  is  the  cafe. 

I  have  already  obferved,  that  the  rattle-fnake  does  not 
climb  up  trees.  But  the  black-fnake  and  fome  other  fpecies  of 
the  genus  coluber  do.  When  impelled  by  hunger,  and  in¬ 
capable  of  fatisfying  it  by  the  capture  of  animals  on  the  ground, 
they  begin  to  glide  up  trees  or  budies,  upon  which  a  bird  has 
its  ned.  The  bird  is  not  ignorant  of  the  ferpent’s  object.  She 
leaves  her  ned,  whether  it  contains  ^ggs  or  young  ones,  and 
endeavours  to  oppofe  the  reptile’s  progrefs.  In  doing  this, 
fhe  is  actuated  by  the  drength  of  her  indindive  attachment 
to  her  eggs,  or  of  affedion  to  her  young.  Her  cry  is  me¬ 
lancholy,  her  motions  are  tremulous,  She  expofes  herfelf  to 
the  mod  imminent  danger.  Sometimes,  die  approaches  fo 
near  the  reptile  that  he  leizes  her  as  his  prey.  But  this  is  far 
from  being  univerfally  the  cafe.  Often,  die  compels  the 
ferpent  to  leave  the  tree,  and  then  returns  to  her  ned*. 


*  Horace,  though  he  has  not,  like  his  contemporary,  Virgil, 
given  any  great  proofs  of  his  knowledge  in  natural  hiftory,  appears 
to  have  known,  full  well,  the  anxiety  of  birds  for  the  preleivation 
of  their  young  : 

“  Ut  alTidens  implumibus  pullis  avis 
“  Serpentium  aliapfus  timet.” 

Epod.  1. 

The  author  of  thefe  two  fine  lines,  had  he  lived  in  America, 
the  land  of  fafeination,  would,  I  am  inclined  to  think,  have  dif- 
believed,  the  whole  dory.  They  would  have  been  a  clue  to  light 
and  truth  on  this  fubjed. 


It 


ASCRIBED  TO  THE  RATTLE-SNAKE.  109 

It  is  a  well  known  fad,  that  among  fome  fpecies  of  birds,  Fafts  and  ob- 
the  female,  at  a  certain  period,  is  accuftomed  to  compel  the  fpeftjng  the 
young  ones  to  leave  the  neft;  that  is,  when  the  young  have  power  ot  tafci- 
acquired  fo  much  ftrength  that  they  are  no  longer  entitled  to  fnakcs?1^ 
all  her  care.  But  they  fiill  claim  fome  of  her  care.  Their 
flights  are  awkward,  and  foon  broken  by  fatigue.  They  fall 
to  the  ground,  where  they  are  frequently  expofed  to  the 
attacks  of  the  ferpent,  which  attempts  to  devour  them.  In 
this  fituation  of  affairs,  the  mother  will  place  herfelf  upon  a 
branch  of  a  tree,  or  bufh,  in  the  vicinity  of  the  ferpent.  She 
will  dart  upon  the  ferpent,  in  order  to  prevent  the  deflrudion 
of  her  young  :  but  fear,  the  inftinft  of  felf-prefervation,  will 
compel  her  to  retire.  She  leaves  the  ferpent,  however,  but 
for  a  fhort  time,  and  then  returns  again.  Oftentimes,  (lie 
prevents  the  deftruction  of  her  young,  attacking  the  fnake* 
with  her  wing,  her  beak,  or  her  claws.  Should  the  reptile 
fucceed  in  capturing  the  young,  the  mother  is  expofed  to  lefs 
danger.  For,  whilft  engaged  in  fwallowing  them,  he  has 
neither  inclination  nor  power  to  feize  upon  the  old  one.  But 
the  appetite  of  the  ferpent-tribe  is  great :  the  capacity  of  their 
flomachs  is  not  lefs  fo.  The  danger  of  the  mother  is  at  hand, 
when  the  young  are  devoured.  Tire  fnake  feizes  upon  her  : 
and  this  is  the  cataflrophe,  which  crowns  the  tale  of  faf- 
cination  ! 

An  attachment  to  our  offspring  is  not  peculiar  to  the  human 
kind  alone.  It  is  an  inflinct  which  pervades  the  univerfe  of 
animals.  It  is  a  fpark  of  the  divinity  that  a&uates  the 
greater  number  of  living  exigences.  It  is  a  paflion  which, 
in  my  mind,  at  leaft,  declares,  in  language  moft  emphatic,, 
theexiflence,  the  fuperintendance,  the  benevolence,  of  a  firft 
great  caufe,  who  regards  with  partial  and  parental,  if  not 
with  equal  eyes  the  tailing  of  a  fparrow  and  the  falling  of  an 
empire. 

Among  the  greater  number  of  the  fpecies  of  birds,  the  at¬ 
tachment  of  the  parent  to  the  young  is  remarkably  flrong. 

We  have  daily  inftances  of  this  attachment  among  our  domeflic 
birds,  and  I  believe,  it  is  flronger  among  thefe  birds  in  their 
wild  flate :  for  there  are  fome  reafons  for  lufpeCting,  that 
this  amiable  inflinct  is  diminifhed  and  weakened  by  culture*. 

*  This  queftion  will  be  examined  in  my  memoirs  upon  theftorge, 
or  affections,  of  animals. 

The 
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The  inftances  which  I  have  already  mentioned,  as  welt  as  a 
faff,  which  remains  to  be  mentioned,  point  oat,  in  a  ftriking 
view,  the  attachment  of  the  mother-bird  to  her  offspring. 
She  often  guards  her  neft  with  the  greateft  attention,  fearful 
of  the  infidious  glide  of  the  fcrpent.  She  endeavours  to  prevent 
the  deftru&ion  of  her  eggs  or  young,  by  this  enemy.  When 
he  has  fucceeded  in  obtaining  them,  fhe  attacks  him  either 
alone,  or  calls  other  birds  to  her  afiiftance.  We  ought  not  to 
be  furprifed,  that  fometimes  file  falls  a  viftim  to  her  affe&ion. 
For  it  is  a  well  known  fa£t,  that  fome  fpecies  of  birds  will 
fuffer  themfelves  to  be  taken  upon  their  nefts,  rather  than 
relinquifh  their  young,  or  their  eggs. 

In  the  fludy  of  natural  hiftory,  I  am  always  happy  to  dif- 
cover  new  inftances  of  the  wifdom  of  providence,  and  new 
proofs  of  the  ftrong  affections  of  animals.  And  for  the  dif- 
covery  of  fuch  inftances  of  wifdom,  and  fuch  proofs  of  affec¬ 
tion,  the  contemplation  of  nature  is  an  ample  field.  In  the 
inftances  now  before  us,  the  ftrenglh  of  the  inftinCt  of  affec¬ 
tion  in  birds  is  illuftrated,  in  a  ftriking  point  of  view;  and  I 
cannot  help  obferving,  that  I  feel  an  high  degree  of  pleafure 
in  being  able  to  do  away,  in  fome  meafure  at  Ieaft,  a  pre¬ 
judice,  not  lefs  extend ve  than  it  is  unfounded,  by  bearing 
my  flender  teftimony  in  favour  of  the  exigence  and  the 
powerful  dominion  of  a  benevolent  principle  in  animals. 

The  following  fa6t  was  communicated  to  me,  fome  time 
fince,  by  our  prefident,  Mr.  Rittenhoufe.  I  think  it  ftrikingly 
illuftiates  and  confirms  fhe  fyftem  which  I  have  been  endea¬ 
vouring  to  eflablifh.  I  relate  it,  therefore,  with  pleafure, 
and  the  more  fo,  as  I  have  no  doubt,  that  the  authority  of  a 
cautious  and  enlightened  philofopher  will  greatly  contribute  to 
the  deftruCtion  of  a  fuperftitious  notion  which  difgraces  the 
page  of  natural  hi  (lory. 

Some  years  fince,  this  ingenious  gentleman  was  induced  to 
fuppofe,  from  the  peculiar  melancholy  cry  of  a  red-winged- 
maize-thief*,  that  a  fnake  was  at  no  great  diftance  from  it, 
and  that  the  bird  was  in  diftrefs.  He  threw  a  Rone  at  the 
place  from  which  the  cry  proceeded,  which  had  the  effeCl  of 
driving  the  bird  away.  The  poor  animal,  however,  im- 

*  Commonly  called,  in  Pennfylvanra,  the  Swamp-Black-bird, 
It  is  the  Oriclus  phceniceus  of  Linnaeus. 

mediately 


ASCRIBED  TO  THE  RATTLE-SNAKE, 


111 

mediately  returned  to  the  fame  fpot.  Mr.  Rittenhoufe  now  Fafts  and  ob- 
went  to  the  place  where  the  bird  alighted,  and,  to  his  great 
aftonifhment,  he  found  it  perched  upon  the  back  of  a  large  power  of  fafcl« 
black-fnake,  which  it  was  pecking  with  its  beak.  At  this 
very  time,  the  ferpent  was  in  the  a£t  of  fwallowing  a  young 
bird,  and  from  the  enlarged  flze  of  the  reptile’s  belly  it  was 
evident,  that  it  had  already  fwallowed  two  or  three  other 
young  birds.  After  the  fnake  was  killed,  the  old  bird  flew 
away.  * 

Mr.  Rittenhoufe  fays,  that  the  cry  and  actions  of  this  bird 
bad  been  precifely  fimilar  to  thofe  of  a  bird  which  is  faid  to 
be  under  the  fafcinating  influence  of  a  ferpent ;  and  I  doubt 
not  that  this  very  inftance  would,  by  many  credulous  perfons, 
have  been  adduced  as  a  proot  of  the  exigence  of  fuch  a 
faculty.  But  what  can  be  more  evident  than  the  general  ex¬ 
planation  of  this  cafe?  The  maize-thief  builds  its  neft  in  low 
bullies,  the  bottoms  of  which  are  the  ufua-1  haunts  of  the  black- 
fnake.  The  reptile  found  no  difficulty  in  gliding  up  to  the 
neft,  from  which,  moft  probably  in  the  abfence  of  the  mother, 
it  had  taken  the  young  ones.  Or  it  had  feized  the  young 
ones,  after  they  had  been  forced  from  the  neff,  by  the  mother. 

In  either  cafe,  the  mother  had  come  to  prevent  them  from 
being  devoured. 

We  are  well  acquainted  with  the  common  food  of  the  rattle- 
fnake.  It  is  the  great-frog  *  of  our  rivers,  creeks,  and  other 
waters.  The  fnake  lies  infldioufly  in  wait  for  his  prey,  at 
the  water-edge.  He  employs  no  machinery  of  enchantment. 

He  trufls  to  his  cunning  and  his  flrength. 

A  very  ingenious  +  friend  of  mine,  who  has  devoted  con- 
fiderable  attention  to  the  natural  hiflory  of  the  rattle-fnake, 
and  who  has  differed  many  of  them,  aflures  me,  that  he  never 
faw  but  one  inftance  in  which  a  bird  was  found  in  the  flomach 
of  this  reptile,  and  this  bird  was  the  chevvink,  or  ground- 
robin  +  .  In  another  inflance,  he  faw  a  ground-fquirrel  § 
taken  out  of  one  of  thefe  reptiles.  In  every  other  cafe,  fo 
long  as  the  food  retained  enough  of  the  form  to  be  dif- 
tinguifhed,  the  ftomach  was  found  to  contain  the  great-frog, 
which  I  have  mentioned. 

#  Ran  a  ocellato  of  Linnams.  f  Timothy  Matlack,  Efq. 

J  This  is  the  Fringilla.erythrophthalma  of  Linnaeus. 

§  The  Sciurus  ftriatus  of  Linnaeus. 

Another 
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Fa£b  and  ob- 
fervations  re- 
fpedting  the 
power  of  fafci- 
nation  alcribed 
to  fnakes. 


Another  argument  againft  the  fafcinating  power  of  the 
ferpent-tribe  tiill  remains  to  beconfidercd. 

It  is  natural  to  inquire,  for  what  purpofe  nature  has  endued 
ferpents  with  the  fuppofed  powers  of  fafcinating  birds,  and 
other  animals?  The  anfwer  to  this  queftion  is  uniform.  It  is 
faid,  the  power  is  given  that  the  ferpents  may  obtain  their 
food.  Let  us  examine  this  opinion. 

Admitting  the  exigence  of  this  power,  I  fhould  have  no 
helitation  in  believing,  that  its  ufe  is  what  is  here  mentioned, 
though,  indeed,  it  ought  not  to  be  concealed,  that  fnakes  are 
fuppofed,  by  fome  foolitli  people,  to  have  the  power  of  charm¬ 
ing  even  children.  And  ye^  I  believe,  there  are  no  in- 
ftances  recorded  of  our  American  fnakes  devouring  children. 
It,  then,  nature,  in  the  immenfity  of  her  kindnefs,  had  gifted 
the  ferpents  with  this  wonderful  power,  we  fhould,  at  lead, 
expect  to  find  that  the  common  and  principal  food  of  thefe 
ferpents  was  thofe  apimals,  viz.  birds  and  fquirrels,  upon 
which  this  influence  is  generally  obferved  to  be  exerted. 
This,  however,  is  by  no  means  the  cafe. 

As  connected  with  this  part  of  my  memoir,  it  will  not  be 
improper  to  obferve,  that  all  our  ferpents  are  the  food  of  dif¬ 
ferent  kinds  ol  birds.  Even  the  rattle-fnake,  whofe  poifon 
produces  luch  alarming  fymptoms  in  man,  and  other  animals, 
is  frequently  devoured  by  fome  of  our  ftronger  and  more 
courageous  birds.  As  far  as  I  can  learn,  the  birds  which  moft 
commonly  attack  and  deftroy  this  reptile,  are  the  fwallow- 
tailed  hawk  *,  and  the  larger  kinds  of  owls.  The  owl  often 
feeds  her  young  with  this  fnake,  whofe  bones  are  frequently 
found  in  her  neft,  at  confiderable  heights  from  the  ground. 
Even  a  hen  has  been  known  to  leave,  for  a  minute,  her  af¬ 
frighted  chickens,  and  attack,  with  her  beak,  a  rattle-fnake, 
the  greater  part  of  whofe  body  the  afterwards  devoured  f. 

*  Falco  furcatus. 

f  It  is  commonly  believed,  that  the  rattle-fnake  is  a  very  hardy 
animal >  but  this  is  not  the  cafe.  A  very  fmall  ftroke  on  any  part 
of  its  body  difables  it  from  running  at  all  j  and  the  flighted  ftroke 
upon  the  top  of  the  head  is  followed  by  inftant  death.  The  fkull - 
bone  is  remarkably  thin  and  brittle  5  to  much  fo  indeed,  that  it  is 
thought  that  a  ftroke  from  a  wing  of  a  thrufti  or  robin  would  be 
fufficient  to  break  it, 

The 
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The  black-fnake  is  a  ferpent  of  much  more  activity  than  the 
rattle-lnake.  The  latter,  as  I  have  already  faid*,  feldom,  if 
ever,  climbs  up  trees.  But  the  former  will  fometimes  afcend 
the  loftieft  trees,  in  purfuit  of  the  object  of  his  appetite.  The 
rattle-lnake,  it  has  been  juft  obferved,  fubfifts  principally 
upon  the  large  frog,  which  frequents  the  waters  of  our  coun¬ 
try.  He  has,  therefore,  but  little  occafion  for  a6livity.  But 
the  black-lnake,  feeding  more  upon  birds,  ftands  more  in 
need  of  activity.  He  frequently  glides  up  the  trees  of  the 
foreft,  &c.  and,  commonly  in  the  abfence  of  the  mother, 
devours  either  her  eggs  or  her  young  ones.  The  difficulty 
of  obtaining  his  prey  upon  the  tree  is  fometimes  very  con- 
ftderable,  as  will  appear  from  a  fadl  which  will  be  related 
immediately.  Now,  if  this  ferpent  is  gifted  with  the  faculty 
ot  fafcinating,  why  is  he  not  content  to  continue  at  the  bottom 
of  the  tree,  and  bring  down  his  objedt?  And  if  he  can  employ 
this  machinery  ot  falcination  at  his  pleafure,  how  comes  it, 
that  he  fo  feldom  tucceeds  in  capturing  old  birds?  For  it  is  a 
fadt  that  when  birds  are  found  in  his  ftomach,  they  are  princi¬ 
pally  young  birds. 

I  have  laid,  that  the  black-fnake  fometimes  finds  great  dif¬ 
ficulty  in  obtaining  his  prey  upon  the  tree.  In  fupport  of  this 
aifertion  I  could  adduce  many  fadis.  But  my  memoir  has 
already  exceeded  the  limits  which  I  originally  prefcribed  to  it* 

I  ffiall  content  myfelf,  therefore,  with  relating  a  folitary  fa6t, 
which  ftrikingly  illuftrates  my  pofition. 

A  black-lnake  was  leen  climbing  up  a  tree,  evidently  with 
the  view  of  procuring  the  young  birds  in  the  neft  of  a  balti- 
rnore-bird.  This  bird,  it  has  been  already  obferved,  fufpends 
its  neft  at  the  extremity  of  the  branch  of  a  tree.  The  branch 
to  which  the  bird,  of  which  I  am  fpeaking,  had  affixed  its 
neft,  being  very  (lender,  the  ferpent  found  it  impoffible  to 
come  at  the  neft  by  crawling  along  it :  he,  therefore,  took  the 
advantage  of  another  branch,  which  hung  above  the  neft, 
and  twilling  a  fmall  portion  of  his  tail  around  it,  he  was 
enabled,  by  firetching  the  remainder  of  his  body,  to  reach 
the  neft,  into  which  he  infinuated  his  head,  and  thus  glutted 
his  appetite  with  the  young  birds. 

The  importance  of  this  fact,  in  the  inveftigation  of  the 
fubject  of  my  memoir,  appears  to  me  to  be  great.  An 

*  See  page  106. 
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ON  THE  RATTLE-SNAKE. 

American  foreft  is  not  the  filent  refidence  of  a  few  birds. 
During  the  greater  part  of  the  fpring  and  fumnaer  months, 
our  woods  are  alive  with  the  numerous  fpecies  of  refident 
and  vifitant  birds.  At  thefe  times,  if  the  black-fnake  pofleftes 
the  faculty  of  fafcinating,  it  cannot  be  a  difficult  thing  for 
him  to  procure  his  food.  Yet,  in  the  inftance  which  I  have 
juft  related,  we  have  feen  this  reptile  climbing  up  a  tree, 
and  there  obliged  to  exert  all  his  ingenuity  to  obtain  his 
prey. 

I  cannot  well  conclude  this  memoir  without  obferving, 
that  in  the  inveftigation  of  the  fubjedt  which  it  involves, 

I  have  experienced  much  pleafure.  bor  to  the  cultivators 
of  fcience,  the  difcovery  of  truth  muft,  at  all  times,  be  a 
fource  of  pleafure.  This  pleafure  will  even  rife  to  fomething 
like  happinefs,  wdien,  in  addition  to  the  difcovery  of  truth, 
we  are  enabled  to  draw  afide  the  veil,  which,  for  ages,  has 
curtained  fuperftition  and  credulity.  Under  the  influence 
of  various  fpecies  ot  fuperftition,  we  fall  from  our  dignity, 
and  are  often  rendered  unhappy.  It  fliould  be  one  ot  the 
principal  objedts  of  fcience  to  rear  and  prop  the  dignity  of  the 
mind,  ami  to  fmooth  its  wray  to  comforts,  and  to  happinefs. 
The  ills  and  the  infirmities  of  our  earthly  ftate  of  being  are 
numerous  enough.  It  is  folly,  it  not  vice,  to  increafe  them. 
He  who  ferioufly  believes,  that  an  hideous  reptile  is  g i t ted, 
from  the  facred  fource  of  univerfal  life  and  good,  with  the 
power  of  fafcinating  birds,  fquirrels,  and  other  animals,  will 
hardly  flop  here.  He  may,  and  probably  will,  believe  much 
more.  He  will  not,  perhaps,  think  himtelt  entirely  exempted 
from  this  wonderful  influence.  He  may  fuppofe,  that  the 
property  belongs  to  other  beings,  beftdes  the  ferpents  ;  and 
he  will,  perhaps,  imagine  that  it  forms  a  part  ot  a  more 
extenfive  plan,  the  efFedts  of  which,  he  will  aflert,  are  pro¬ 
minent,  and  unequivocal,  though  its  ways,  he  will  confefs, 
are  incomprehenfible  to  mortal  minds. 

Jliftoria  natnriilh  non  bene  digejla  abit  in  fabulum  ;  projudicia 
vero  et  nimia  credulitas  Veritatem ,  etfi  cominus  fatis  cognitum, 
longijjimc  aliquundo  propellunt. 

JACOBUS  THEODORUS  KLEIN. 
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XV. 


Some  Account  of  an  Egyptian  Lock  of  very  high  Antiquity .  In¬ 
dicated  from  Denon’s  Travels,  by  a  Correfpondent .  With 
Obfervations  by  W.  N. 


To  Mr.  NICHOLSON. 

SIR, 

A 

Ta.  FEW  weeks  ago  I  faw,  with  particular  pleafure,  a  model.  Letter  concern- 
or  wooden  lock,  made  from  the  defcription  in  Denon’s  travels,  ing^  !°c!c  ^ewn 
which  was  exhibited  in  the  lectures  at  the  Royal  Inftitution.  I  Inftitution. 
beg  leave  to  propofe  the  infertion  of  the  fame  in  your  excellent 
Work,  and  fliould  hope  for  your  opinion  as  to  its  fecurity. 

I  am.  Sir, 

Your  obliged  reader. 

New  Broad  Street ,  <  P.  Q„. 

May  12,  1804. 


I  HAVE  given  engravings  of  this  lock,  copied  from  De-  Defcription  of 
non’s  book.  Plate  VII.  thews  the  lock  as  applied  to  a  door, 
and  its  developement  is  made  in  Plate  VIII.  The  paflage  in 
Denon  (trantlated)  is  as  follows: 

“  No.  2,  3,  4,  and  6.  The  Egyptian  lock.  It  fecures  the 
gates  of  towns,  of  houfes,  and  the  apertures  of  the  fmalleft 
articles  of  furniture  or  ufe.  I  have  placed  it  among  the  anti¬ 
quities,  becaufe  it  is  the  fame  as  was  in  ufe  four  thoufand  years 
ago.  I  found  one  fculptured  among  the  baf-reliefs  which  de-  fculptured  on 
corate  the  great  temple  of  Karnack.  It  is  Ample  in  concep- 
tion,  eafy  of  execution,  no  lefs  fure  than  any  other  lock,  and 
deferves  to  be  applied  on  all  our  rural  occafions.  Fig.  2  is  the 
key,  which  is  capable  of  thoufands  of  different  combinations. 

In  Fig.  3  the  lock  is  (hewn  clofed,  feen  as  to  its  interior;  the 
key  being  in  the  a£t  of  lifting  up  certain  pins  which  had  fallen 
into  holes  in  the  bolt,  and  kept  it  in  its  place.  In  Fig.  1  the 
bolt  is  drawn  back,  and  the  lock  confequently  open.’*  See 
plate  139  of  the  faid  work . 

Eton,  in  his  Survey  of  the  Turkifli  Empire,  mentions  this 
lock  as  follows : 

“  Nothing  can  be  more  clumfy  than  the  door-locks  in  Eton’s  account 
Turkey,  but  their  mechanifm  to  prevent  pick  mg  is  admirable.  oftl^e  fme 

J  1  *  o  as  of  univerial 

I  2  It  ufe  in  Turkey, 
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It  is  a  curious  thing  to  fee  wooden  locks  upon  iron  doors,  par¬ 
ticularly  in  Alia,  and  on  their  caravanfaries  and  other  great 
buildings,  as  well  as  on  houfe  doors.  The  key  goes  into  (he 
back  part  of  the  bolt,  and  is  compofed  of  a  fquare  dick  with 
five  or  fix  iron  or  wooden  pins  about  half  an  inch  long,  to¬ 
wards  the  end  of  it,  placed  at  irrregular  didances,  and  an- 
fwering  to  holes  in  the  upper  part  of  the  bolt,  which  is  pierced 
with  a  fquare  hole  to  receive  the  key.  The  key  being  put  in 
as  far  as  it  will  go,  is  then  lifted  up,  and  the  pins  entering 
correfponding  holes  raife  other  pins,  which  had  dropt  into 
thefe  holes  from  the  part  of  the  lock  immediately  above,  and 
which  have  heads  to  prevent  them  falling  lower  than  is  ne- 
ceflary.  The  bolt  being  thus  freed  from  the  upper  pins,  is 
drawn  back  by  means  of  the  key,  the  key  is  then  lowered, 
and  may  be  drawn  out  of  the  bolt  :  to  lock  it  again  the  bolt 
is  only  puffied  in,  and  the  upper  pins  fall  into  the  holes  of 
their  own  weight.  This  idea  might  be  improved  on,  but  the 
Turks  never  think  of  improving.” 


Gbfervations. 


Simpleft  ftruc- 
ture  of  this  lock 
is  a  kind  of 
latch. 


The  prefent 
lock. 


Probable  im¬ 
provement. 


This  lock  can¬ 
not  be  picked  j 


THE  dmplicity  and  other  advantages  of  this  lock  or  bolt, 
are  too  obvious  to  require  much  remark;  for  which  reafon  I 
(hall  confine  my  prefent  obfervations  to  its  degree  of  fecurity 
or  inviolability.  I  think  we  may  contemplate  it  in  three  feve- 
ral  dages  of  perfection  or  improvement.  1.  If  it  be  con- 
dru&ed  with  one  pin  of  condderable  fize  to  fall  into  the  bolt, 
and  the  finger  be  fuppofed  to  be  introduced  for  the  purpofe  of 
raifing  it  and  fetting  the  bolt  at  liberty,  we  flia.ll  have  a  faden- 
ing  of  nearly  the  fame  effeft  as  the  common  latch.  2.  Or  if, 
indead  of  one  falling  pin,  there  be  many,  and  an  indrument 
be  ufed  to  lift  them,  we  diall  have  the  bolt  before  us:  and 
this,  as  far  as  we  are  informed,  is  the  prefent  date  of  the 
invention,  though  of  fo  long  Handing.  3.  Or  thirdly,  in  cafe 
the  prefent  bolt  ihould,  on  examination,  be  found  to  admit  of 
being  opened  without  extreme  difficulty,  it  will  become  a 
quedion  wffiether  the  principles  of  its  dructure  can  be  fo  ap¬ 
plied  as  to  render  it  abfolutely  (afe.  This  laft  quedion  requires 
that  we  fliould  fird  examine  the  ancient  bolt  a  little  more 
cl&fely. 

We  may  admit  that  the  ancient  lock,  with  many  pins  falling 
independently  of  each  other,  cannot  be  picked  or  opened 
without  its  key  :  and  therefore  we  mud  atk  whether  the  key 


can 
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can  be  made  from  an  examination  of  the  lock  alone?  In 
anfvver  to  this  it  may  be  noticed,  that  fince  all  the  pins  in 
the  key  mud  be  of  equal  height,  the  fecret  will  conftft  in  their 
relative  diftances  and  portions  on  the  face  of  the  key  ;  and 
that  thefe  diftances  and  pofitions  can  be  eafily  known  by  intro¬ 
ducing  a  ftick,  or  key  without  pins,  into  the  hollow  ot  the 
boll,  and  taking  an  impreflion  (by  means  of  a  facing  of  foft 
clay)  of  the  holes  intended  to  receive  the  pins.  Alter  this  a  but  its  key  may 

key  may  be  made  without  difficulty  ;  fo  that  we  arrive  at  our  eafih  I]oac|e 
,  /  .  J  .  r  from  the  lock. 

conclufion,  that  though  this  ingenious  piece  ot  mechanilm 
cannot  be  violated  without  its  key,  yet  it  is  eafy  to  conftrudt 
a  key  for  that  purpole. 

We  now  come  to  the  enquiry  after  that  application  of  its  Improvement  by 
principles  which  may  render  it  abiolutely  fate.  This  is  cer-^vi^^As  renrt 
tainly  poffible  ;  but  not  without  confiderably  diminiffiing  its 
ftmplicity.  Betides  feveral  others,  the  following  may  be  pro- 
pofed  :  Let  the  dropping  pin  have  an  enlarged  part,  and  a 
tail  of  wire  above  and  below.  Let  the  lower  tail  fall  into  its 
hole  in  the  bolt,  while  the  enlarged  part  falls  into  a  focket 
made  for  its  reception.  Under  thefe  circumflances  the  bolt 
becomes  fatl :  But  when  by  raifing  the  pin  the  enlarged  part 
is  clear  of  its  focket,  the  bolt  becomes  free,  and  the  lower 
tail  is  prevented  from  flopping  it  by  a  groove  left  for  its  re¬ 
ception.  The  bolt  mull  have  a  covering  piece  of  board, 
having  a  hole  of  the  fize  of  the  enlarged  part  of  the  pin,  dire6lly 
above  the  focket  into  which  it  falls,  and  a  groove  for  its  upper 
tail ;  the  interval  between  the  covering-piece  and  the  bolt 
itfelf  being  equal  to  the  height  of  the  enlarged  part  of  the  pin. 

By  this  means,  when  the  pin  is  puffied  up,  juft  out  of  its 
focket,  the  bolt  will  move  freely  ;  but  if  it  be  pufhed  the  leaft 
quantity  farther,  the  enlarged  part  will  enter  the  hole  in  the 
covering-board,  and  fet  it  fall,  as  if  it  were  in  the  focket;  fo 
that  a  very  precife  diftance  of  elevation  will  be  requifite. 

Laftly,  the  lower  pin  may  be  fhorter  or  longer  at  pleafure. 

Now,  if  there  be  a  number  of  thefe  pins  fo  placed  and  ad- 
jufted  as  to  fall  into  their  refpedlive  fockets  at  the  pofttion  of 
the  bolt  when  (hut;  if  their  lower  tails  be  of  different  lengths, 
and  a  key  be  made  to  correfpond  with  them,  and  lift  them  all 
to  the  proper  height  at  once;  the  combination  will  be  fuch  as 
cannot  be  made  out  by  any  impreflion  or  tentative  procefs 
upon  the  lock  itfelf.  For  the  evidence  of  a  due  length  of  any 
4-  one 
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one  of  the  lifting  pieces  of  the  key,  will  conftft  in  the  a&ual 
opening  of  the  lock  ;  and  this  cannot  be  had  unlefs  the  due 
length  of  all  the  pins  be  obtained  at  once ;  againft  which  the 
probability  will  be  as  the  number  of  permutations  of  the  pins, 
multiplied  into  the  number  of  poffible  lengths  of  pins  praftically 
differing  from  each  other  in  effect.  Thus  if  the  pins  were  fix, 
the  permutations  would  be  1  x  2  X  3  X  4 X  5  X  6=720  ;  and  if 
the  length  of  a  whole  pin  were  one  quarter  of  an  inch,  and  a 
fenfible  difference  would  in  pradtice  arife  from  making  the 
pins  one-fixtieth  of  an  inch  longer  or  fhorter,  there  would 
be  15  poffible  lengths  for  every  pin.  Whence  720x  15  = 
10S00,  the  number  of  chances  againft  the  difcovery. 

W.  N. 


XVI. 


On  the  Caufe  of  the  different  Colours  of  the  Triple  Sets  op  Platina, 
and  on  the  Exigence  of  a  neiv  Metallic  Subjlance  in  that  Metal . 
By  Collet- Descotils.*  Prefented  to  the  Clafs  of  Mathe¬ 
matical  and  Phyfcal  Sciences  of  the  National  Jjflitute  of 
France . 


Precipitation  of 
the  folution  of 
platina. 


Remarks. 


Foreign  admix¬ 
tures  in  crude 
platina. 


chemifts  know  that  crude  platina  is  eafily  foluble  only 
in  nitro-muriatic  acid,  that  the  folution  is  decompofable  by 
muriate  of  ammonia  and  other  falts  with  alkaline  bales;  and  that 
the  refult  of  their  former  decompolition  is  a  triple  compound, 
confiding  of  oxid  of  platina,  muriatic  acid,  and  ammonia,  or 
the  alkali  employed.  The  colour  of  this  precipitate  varies  from 
a  light  yellow  to  a  dark  brown.  It  is  fometimes  alfo  greeniffi. 
The  latter  is  the  cafe  if  the  folution  of  platina  is  precipitated 
by  a  fait  with  bafe  of  foda. 

Before  I  fay  any  thing  further  concerning  the  caufes  which 
influence  the  colour  of  this  precipitate,  I  (hall  point  out  fome 
phenomena  which  characterife  the  folution  of  the  metal  itfelf. 

The  grainsof  platina  of  commerce  always  contain  more  or 
Iefs  of  foreign  mixtures  from  which  it  fliould  be  previoufly  freed 
as  much  as  poffible.  The  foreign  bodies  met  with  are  mod  fre¬ 
quently  minute  ftones,  on  which  the  acid  employed  fordiflolv- 
ing  the  metal,  has  little  or  no  action,  and  two  forts  of  ferrugi- 


*  Gthlen’s  Chemical  Journal,  Vol.  II.  Part  I.  p.  73. 
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nous  fand,  one  of  which  is  obedient  to  the  magnet,  and  an¬ 
other  which  is  not  attracted  by  the  magnet,  and  which  is  only 
partially  aded  on  by  acids,  I  lliall  fay  no  more  in  this  place  The  ferruginous 
concerning  thefe  bodies,  but  that  the  firft  contains  titanium  and 
the  fecond  chromic  acid,  in  confiderable  quantity.  chromic  acid. 

The  bed  method  to  free  platina  of  commerce  from  thefe  ad-  Mechanical 
mixtures,  is  that  recommended  by  Proud,  which  confifts  in  ^j^v^on  ^ 
fpreading  out  the  platina  on  a  (beet  of  paper,  and  carefully 
blowing  away  the  lighter  parts  by  means  of  a  pair  of  bellows, 

Platina  thus  purified  I  introduced  into  a  porcelain  retort,  to  Crude  platina  by 
which  a  glafs  receiver  had  been  fitted,  previoully  filled  one-  ^ion  affoi«is  a 
third  full  of  water.  After  having  placed  the  retort  in  a  re- blue  fublimate 
verberatory  furnace,  I  raifed  the  fire  gradually,  and  increafed  fo‘ub]e  m  waterft 
the  heat  to  the  utmod  I  could  produce,  which  was  kept  up  for 
two  hours.  Nothing  particular  attended  this  procefs,  except 
that  the  water  with  which  the  receiver  had  been  partly  filled, 
acquired  a  greenifh  hue  towards  the  end  of  the  procefs.  On 
the  roof  of  the  retort,  a  fine  blue  powder  was  fublimed,  of 
which  I  {ball  fay  no  more  at  prefent  than  that  it  was  foluble  in 
water.  The  water  in  the  receiver,  after  having  been  differed 
to  hand  for  a  few  days,  had  acquired  a  beautiful  blue  colour, 
which  furpaffed  the  colour  of  the  beft  ultramarine. 

It  was  impoflible  to  get  the  platina  out  of  the  retort.  On  The  platina 
breaking  the  diftillatory  veffel,  the  metal  was  found  aglutinated,  f^tixTa^d, 
the  upper  furface  of  the  mafs  had  a  rufty  appearance,  the 
middle  was  lefs  difcoloured,  and  the  lower  part  had  differed 
no  perceptible  change. 

In  order  to  examine  the  colouring  matter  which  tinged  the  The  aqueous ' 

Tt  .  .  r  ,  r  it-  lolution  of  the 

water  of  the  receiver,  I  dropt  into  it  a  lolution  ot  an  alcali;  blue  matter  af. 

this  produced  inftantly  a  blue  precipitate.  Sulphuric  and  mu-  forded  a  precipi- 

riatic  acids,  when  mingled  with  this  fluid,  occafioned  110  Habitudes  with 
change.  Nitric  and  oxiginized  muriatic  acids  changed  this  acids,  &c. 
blue  fluid,  firft  to  a  lilac,  but  it  foon  loft  this  colour,  and  the 
whole  became  limpid.  Water  holding  in  dilution  fulphuretted 
hydrogen  gas,  occafioned  no  precipitate;  but  hidro-fulphuret 
of  ammonia  threw  down  a  grey  precipitate,  which  became 
blue  by  the  affufton  of  acids,  and  then  was  rendered  foluble 

again  in  hidro-fulphuret  of  ammonia. 

A  fmall  quantity  of  the  blue  precipitate'  colleded  from  the  The  blue  fubli- 

roof  of  the  retort,  when  urged  with  the  blow-pipe  in  con-  before  the  blow- 

ad  with  borax,  imparted  no  colour  to  this  fait.  When  heated  pipe:  did  not 
_  r  1  1  1  colour  borax. 

per  fe ,  it  difappeared  completely. 


Having 
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When  platina  I«  Having  fo  far  proceeded,  I  made  a  folntion  of  platina  in 
diffjlved  in  n.  nitro-muriatic  acid  (the  platina  had  been  freed  from  iron  as 
povvder^s^epa-^  muc^  as  P°ffible  by  muriatic  acid.)  During  this  folution,  a 
rated.  glittering  black  powder  became  feparated,  as  is  always  the 

cafe  when  platina  of  commerce  is  difTolved  in  nitro-muriatic 
acid.  If  the  operator  be  careful  in  collecting  this  powder  as 
fafl  as  it  is  feparated,  the  quantity  which  may  be  collected, 
amounts  to  about  0,03  of  the  platina  employed.  But  if  this 
powder  be  not  removed  as  fall  as  it  is  depofiled  in  the  folution, 
part  of  it  becomes  again  aCted  upon,  and  a  much  lefs  quantity 
is  obtained. 

Muriate  of  pi.  The  muriate  of  platina  obtained,  after  having  been  fuffered 

was  decompofed  to  repofe  and  being  decanted,  I  decompofed  by  adding  by  a 
by  mu:,  of  am-  r  .  ,  r  ,  .  c  .  r  .  .  .  . 

monja>  laturated  tolution  or  muriate  or  ammonia;  the  precipitate  was 

feparated  by  decanting  the  fupernatant  fluid,  and  repeatedly 

waflied  till  the  vvaler  w'hich  palfed,  did  not  become  green  by 

the  addition  of  prufliate  of  potath.  The  precipitate  obtained 

was  of  a  yellow  colour.  The  decanted  fluid  from  which  the 

precipitate  had  been  feparated,  and  the  firfl  quantity  of  water 

employed  for  its  ablution,  after  having  been  mingled  together 

and  concentrated  by  evaporation  to  one’third  of  its  bulk,  were 


Ytlh'iu  precipi 
tate. 


The  decanted 

fluid  being  con-  again  mixed  with  a  folution  of  muriate  of  ammonia;  the  pre- 

centra^,  and  now  obtained  was  0f  a  dark  red  colour.  On  treating 

more  muriate  or  *  _ 

amm.  added,  a  the  fluid  feparated  from  it,  as  before,  the  precipitate  which  did 

dark  red  precipi-  fa||  jown  was  0f  a  very  dark  brown.  All  thefe  different  co- 
tate  was  obtain-  .  .  J 

ed.  loured  precipitates  were  carefully  waflied  till  they  contained  no 

The  fluid  a  veftige  of  copper  or  iron. 

decanted  gave  by  I  have  remarked  that  if  the  folution  of  platina  be  flowly  pre¬ 
fer.  amm.  a  pared,  that  is  to  fay,  if  the  platina  be  introduced  into  the 
nitro-muriatic  acid,  in  fmall  quantities  at  a  time,  and  the  fub- 


dark  brown 
precip. 

The  colour  of  fequent  folution  of  each  quantity  be  refpedtively  feparated,  and 

jdatina^datker  ^eParaIe^y  be  decompofed  by  muriate  of  ammonia,  the  colour 
the  more  of  the  of  the  precipitate  or  triple  fait  obtained,  is  darker  in  propor- 
black  powder  t;on  to  ^  (.ualltitv  of  the  black  powder  which  was  contained 
in  the  folution. 

Thf  black  pow-  This  black  powder  which  is  depoflted  during  the  folution  of 
der  is  (difficultly)  platina  of  commerce*  in  nitro-muriatic  acid,  is  foluble  (though 
m^acid'-1  and*  difficultly)  in  nitro-muriatic  acid,  compofed  of  much  nitric, 

dpcomp. bymur.  and  little  muriatic  acid;  its  folution  is  alfo  decompofable  by 

©f  am.  J 

*  This  black  powder  is  likewife  feparated  during  the  folution  of 
malleable  platina  in  nitro-muriatic  acid.  JT.  A . 

.  muriate 
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muriate  of  ammonia,  and  the  colour  of  the  precipitate  is  more 
or  let's  intenfe,  according  to  the  quantity  of  powder  contained 
in  the  folution. 

From  what  has  been  fo  far  ftated,  it  appears,  that  this  black  The  black  pow- 
powder  is  the  caufe  of  the  different  colours  which  the  different  o^coio^r  irTthe 
precipitates  or  triple  falts  of  platina  exhibit,  under  different  precipitates, 
circumftances. 

In  order  to  learn  the  nature  of  this  fubffanee,  I  {hall  detail  Enquiry  into^ 
the  experiments  which  were  undertaken  for  that  purpofe.  The  thkXbftance. 
precipitates  or  falts  I  made  life  of  were,  the  triple  ammoniacal 
muriate  of  platina,  and  the  triple  muriate  of  platina  and  foda; 
the  former  (alt  I  preferred  on  account  of  its  eafy  decompofibi- 
lity,  and  the  latter  on  account  of  being  very  foluble. 


Experiments  on  the  triple  ammoniacal  Muriate  of  Platina . 

Equal  quantities  of  the  before-obtained  yellow  and  dark  red  Aqueous  folu- 

precipitate,  being  feparately  diffolved  in  equal  quantites  of  j’otvand  da' V^ed 

water,  the  firft  fait  furnifhed  a  folution  of  a  gold  yellow  colour,  precipitates;  the 

whereas  that  of  the  latter  was  orange  red.  On  adding  to  the  gold-yellow, 
,  r  .  .  .  r  r  1  1  ,  r>-  the  fecond change 

latter  lolution  a  minute  quantity  or  green  lulphate  or  iron,  or  recj. 

fulphureous  acid,  it  became  inftantly  of  a  gold  yellow  colour;  The  latter  was 

the  fame  effect  was  produced,  though  flowly,  by  the  addition  of  by^fm  portion 

alcohol.  of  gr.  fulph.  of 

It  was  natural  to  fuppofe  that  the  colour  of  the  red  fait  or  al“ 

might  be  owing  to  the  higher  degree  of  oxidizement  of  the  The  red  colour 

diffolved  platina.  In  order  to  convince  myfelf  of  this  conjee-  was  notowing 
t  i  r  •  ,  ~  .  to  greater  oxi- 

ture,  1  attempted  to  transfer  oxigen  to  the  yellow  lalt,  by  means  dizement. 

of  nitric  and  oxiginized  muriatic  acids.  This  however  failed; 
the  colour  of  the  fait  remained  yellow  as  before.  On  repeating 
the  application  of  nitric  and  oxiginized  muriatic  acids  alter¬ 
nately,  the  refult  was  only  a  very  pale  red  coloured  precipitate. 

Equal  parts  of  the  yellow  and  red  precipitate,  deficcated  at  The  yellow  and 
equal  temperatures,  and  under  the  fame  circum fiances,  when  red  precipitates 
decompofed  by  heat,  yield  alfo  unequal  quantities  of  fixed  re-  equal  refidues 
fidue.  That  of  the  firft,  amounted  to  0,44  of  the  weight  ofwhen  4ecom- 
the  fait  employed,  and  that  of  the  latter  wits  0,4  and  5.  pofed  ^  llcat* 

If  yellow  precipitate  be  reduced  by  heat,  the  platina  ob-  The  yellow 
tained  is  uncommonly  foluble  in  a  comparatively  (mail  quan-  precipitate  if  re- 
tity  of  nitro-muriatic  acid,  and  the  folution  yield  a  yellow  pre-duLLd’  af*°lds 


cipilate  with  muriate  of  ammonia. 


very  foluble 
platina  ;  which 
I  r  again  affords  a 
yellow  precip. 
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The  red  preci¬ 
pitate  affords  a 
kfs  foluble  metal 
which  leaves  a 
b  ack  powder, 
and  affords  a  red 
precip. 


This  precipitate 
treated  with  ox- 
igini2ed  muriate 
of  potafli  with 
heat. 


Blue  powder 
obtained  j 


—foluble  in 

nitro-muriatic 

acid. 

The  red  colour 
arifes  from  a 
peculiar  metal. 


If  the  red  precipitate  be  reduced,  the  metal  obtained  is  of 
a  different  nature  from  the  former.  It  is  far  more  infoluble  in 
nitro-muriaiic  acid,  and  whatever  quantity  of  acid  may  be 
applied,  there  remains  conftantly  a  quantity  of  black  powder, 
which  is  abfolutely  infoluble  in  the  acid.  This  folution,  on  be¬ 
ing  decompofed  by  muriate  of  ammonia,  yields  a  red  precipi¬ 
tate. 

I  o  learn  the  nature  of  this  precipitate,  I  reduced  a  quan¬ 
tity  of  it,  introduced  it  into  a  porcelain  tube,  connected  with 
a  fmall  retort,  containing  hyper-oxiginized  muriate  of  potafli, 
and  applied  heat  to  the  retort,  after  having  firfl  adapted  to  the 
other  extremity  of  a  receiver  containing  a  little  water.  On  in- 
creafing  the  heat  fo  as  to  decompofe  the  hyper-oxiginized  mu¬ 
riate,  the  tube  became  lined  with  a  blue  powder,  which  was 
a!fo  obferved  in  the  empty  part  of  the  receiver. 

After  all  the  fait  in  the  retort  had  been  decompofed,  I  col¬ 
lected  the  blue  fublimed  powder.  The  minute  quantity  of  it 
however  did  not  permit  me  to  fubmit  it  to  many  experiments. 
It  was  eafily  foluble  in  nitro-muriatic  acid.  Its  nature  will 
become  more  obvious  hereafter. 

From  what  has  been  fo  far  dated,  it  appears  to  follow  that 
the  red  colour  of  the  triple  precipitate  of  platina,  obtained  by 
muriate  of  ammonia,  or  other  falls  with  alkaline  bafes,  is  own¬ 
ing  to  the  prefence  of  a  peculiar  metal  contained  in  the  pla¬ 
tina,  which  has  hitherto  been  confidered  asfimple. 


Examination  of  the  triple  Muriate  of  Platina  and  Soda. 

Triple  muriate  This  triple  compound  is  very  little  known.*  It  may  eafily 

ci^platina  and  be  obtained  by  pouring  into  a  folution  of  platina,  a  fait  with 
bale  of  foda.  It  is  very  foluble  in  water,  and  even  in  alcohol. 
The  folutions  are  capable  of  crydallizing  in  long  prifms,  on 
three-fided  tables,  of  a  yellowifli  red  colour.  It  is  decom- 
pofable  by  muriate  of  ammonia;  the  precipitate  is  a  muriate 
of  platina  and  ammonia.  It  is  likewife  decompofed  by  a  di¬ 
lution  of  foda;  on  adding  this  alcali  in  cxcefs,  the  formed  pre¬ 
cipitate  becomes  again  diffolved. 

Reducible  on  Muriate  of  platina  and  foda  is  reducible  upon  charcoal  be- 

bb'w-pfpe^  ^  fore  the  b,ow-pipe*  The  reduced  metal  poffeffed  a  condder- 
able  Iudre. 


*  Muffm-Pufchkin  has  pointed  out  fome  of  its  properties  in 
Crell’s  Annales,  1800,  Vol.  I.  p.  93.  of  which  a  fliort  abltraft  is  to 
be  found  in  the  Annales  de  Chimie.  p.  277. 
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If  cryftallized  muriate  of  platinaancl  loda,  tree  from  all  ad¬ 
hering  or  excefs  of  acid,  be  expofed  for  fome  time  to  the  air, 
its  beautiful  red  colour  becomes  changed  into  a  greenifh  hue. 
If  the  fait  in  that  ftate  be  diflolved  in  water,  and  oxiginized 
muriate  of  lime  be  added  to  it,  a  dark  brown  precipitate  falls, 
which  after  having  been  wafhed  and  dried,  is  foluble  in  mu¬ 
riatic  acid,  with  which  it  torms  a  beautiful  blue  folution.  .This 
colour  becomes  again  deftroyed  by  the  admixture  ot  alcohol, 
and  re-appears  by  the  addition  of  oxiginized  muriate  of  lime. 

This  precipitate  is  fomewhat  foluble  in  water;  itis  reducible 
when  filled  with  borax,  without  imparting  to  the  latter  any  co¬ 
lour.  The  reduced  metal  is  very  porous:  it  appeared  not  to 
be  foluble  in  any  of  the  acids. 

If  the  folution  of  muriate  of  platina  and  foda,  contain  an 
excefs  of  acid,  it  then  is  not  difiurbed  by  letting  fall  into  it 
oxiginized  muriate  of  lime;  but  on  evaporation  the  mixture 
acquires  a  fine  green  colour. 
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Its  cryftals  from 
a  beautiful  red, 
become  green  by 
expofure  to  the 
atmofphere. 

Its  folution 
precip.  by  ox. 
muiiate  of  lime. 


Precipitate  fome¬ 
what  foluble ; 
reducible  into 
a  porous  metal 
infoluble  in 
acids. 

No  precipitate 
if  acid  be  in 
excefs. 


Examination  of  the  Yellow  and  Red  triple  Muriate  of  Platina, 

i 

If  we  add  to  the  red  triple  muriate  of  platina,  a  folution  of  ^^iat^be^om-s 
carbonate  ot  foda,  till  it  becomes  completely  dilfoived  the  fo-  yellow  by  carbo- 
lution  is  of  a  yellow  colour.  On  expofmg  it  for  fome  time  to  nate  °fifoda5 

/  .  lira  — and  deP°hts  a 

the  contact  ol  air,  a  green  lubltance  becomes  depoiited.  green  precip.  by 

The  yellow  triple  muriate  ol  platina,  treated  in  a  like  man-  expof.  to  the 

ner  with  carbonate  of  foda,  yields  a  folution  ot  a  dark  yellow,  yejjow  t}1U3 

or  orange  colour,  which  fullers  no  change  whatever  on  expo-  treated  becomes 
r  .  darker,  and  does 

lute  to  air.  not  afterwards 

The  feparation  of  the  green  fubltance  from  the  red  triple  change. 

muriate,  is  much  accelerated  by  the  admixture  of  oxiginized  ^rom^red" 

rnuriatic  acid.  It  feems  as  if  the  feparation  of  this  fubftance  triple  muriate  is 

is  owing;  to  the  action  of  oxigen  ;  for  no  other  acid  is  capable  from  oxldlzc- 

,  ..  1-1,  i  m«nt. 

of  producing  it;  at  leatt  the  precipitate  which  they  produce, 

is  a  mere  oxid  of  platina. 

The  oreen  fubfiance  may  likewife  be  inftantly  obtained  by  lf  1S  mftantly 

J  J  had  by  evapora- 

evaporating  the  (olution  by  heat.  tion. 

If  the  folution  of  the  yellow  triple  muriate  be  heated  and  The  yellow 

evaporated,  a  very  minute  quantity  ol  the  green  lubltance  is  mayafford  a  mi_ 

indeed,  fometimes  depofited,  and  the  remaining  folution  then  nute  portion  of 

acquires  a  more  beautiful  yellow  colour.  On  continuing  the  eva^—bu^thU7 

evaporation  of  the  yellow  folution,  a  precipitate  is  depoiited,  is  an  impurity. 

which  Its, ,PreciP- is 

yellow’. 
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The  green  pre¬ 
cipitate  was  re¬ 
duced  (by  heat 
with  borax)  to  a 
white  brittle 
metal ; 

difficultly  3&ed 
on  by  nitro-m. 
acid  5 


more  fo  when 
powdered. 


The  folution  of 
the  green  fub- 
flarsce  became 
yeilowifh  by  ful- 
phureous  acid  or 
green  muriate  ot 
iron. 

Ox.  mur.  of 
Kme  reftored  its 
green. 

The  green  fub¬ 
ftance  gave  a 
blue  fublimate, 
and  left  metal. 

A  portion  of  the 
fame  fubftance 
heated  with 
nitre  till  the  acid 
was  decompofed. 
The  alkali  was 
diflolved  in  wa¬ 
ter,  and  not 
changed  by 
acids. 

The  refidue  was 
not  adted  on  by 
acids. 

Hence  chrome 
and  molybder.a 
were  abfent. 
Separation  of 
the  piatina  from 
the  triple  muri¬ 
ate  by  alcohol. 
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which  is  not  green,  but  yellow.  This  precipitate  on  being  again 
diflolved  in  muriatic  acid,  and  faturated  with  carbonate  of  foda, 
yields  no  farther  green  fubftance. 

I  mingled  a  quantity  of  this  green  fubftance  with  vitrified 
borate  ot  (oda,  and  expofed  the  mixture  for  twenty-five  mi¬ 
nutes  in  a  double  crucible  to  the  moft  intenfe  heat  I  could  pro¬ 
duce;  the  refult  was  a  white  brittle  metal,  which  was  difficultly 
a<Sted  upon  by  nitro-muriatic  acid.  The  weak  folution  which 
had  been  obtained  by  this  acid,  had  a  violet  colour;  it  yielded, 
on  being  evaporated,  a  dark  green  refidue,  which  was  foluble 
in  muriatic  acid,  with  which  it  formed  a  green  fluid. 

On  pulverizing  another  quantity  of  this  white  brittle  metal, 
and  then  expofing  it  to  the  action  of  nitro-muriatic  acid,  the 
folution  was  effected  more  eafily,  it  was  now  more  concen¬ 
trated,  and  of  a  reudifti-yellow  colour.  Muriate  of  ammonia 
let  fall  into  it,  threw  down  a, little  brown ilh -red  precipitate, 
a  proof  that  this  metal  ftill  contained  piatina. 

A  quantity  of  the  before-mentioned  green  fubftance  being 
diftolved  in  muriatic  acid,  acquired  a  yellow  ifh  colour  on  be¬ 
ing  mingled  with  fulphureous  acid,  or  with  a  folution  of  green 
muriate  of  iron.  Oxigenized  muriate  of  lime  reftored  the 
original  green  colour. 

A  third  part  of  the  green  fubftance,  on  being  expofed  to 
a  violent  heat  in  a  porcelain  retort,  yielded  a  blackifti-blue 
fublimate  :  the  unfublimed  part  was  a  metallic  fubftance,  very 
difficultlv  foluble  in  nitro-muriatic  acid. 

A  fourth  portion  of  the  green  fubftance  was  urged,  in  a 
crucible  head,  with  nitrate  of  potafti.  After  the  decompoli- 
tion  of  the  nitrate  had  been  completed,  the  mafs  was  dif- 
fufed  through  water.  The  alkaline  folution  was  colourlefs, 
and  acids  produced  no  change  of  colour  in  it.  The  refidue, 
after  repeated  ablutions,  was  hardly  acted  upon  by  acids,  the 
nitro-muriatic  acid  not  excepted.  This  experiment  precludes 
the  prefence  of  chrome  and  molybdena. 

It  is  poffible  to  feparate  nearly  all  the  piatina  which  is  con- 
f  -hied  in  the  red  triple  muriate,  by  the  mere  admixture  of  al¬ 
cohol,  arid  the  fubfequenl  addition  of  dry  potafh  or  foda;  for 
doing  this  much  heat  is  evolved,  and  the  reduction  of  piatina 
takes  place  almoft  inftantly.  The  lame  may  be  effected  by 
means  of  carbonate  of  potafti  or  foda;  but  in  that  cafe  the  fo¬ 
lution  mult  be  highly  concentrated.  The  reduction  of  the 

piatina 
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piatina  then  takes  place  even  without  the  application  of  heat, 
but  only  after  the  fpace  of  fome  days. 

The  (upernatant  fluid  of  the  reduced  piatina,  when  heated,  The  fupernatant 
acquires  a  lilac  colour,  which  becomes  blue  bn  long  expofure  ^  fiance' 6 
to  air,  depofiting  at  laft  a  greenifh  fubftance,  refembling  that 
hitherto  treated  of.  Oxigenized  muriatic  acid  favours  the 
feparation  of  this  fubftance. 

Sulphuretted  hidrogen  may  alfo  be  employed  for  feparating  Sulphuretted  hi- 

the  piatina  from  the  red  triple  muriate  ;  the  piatina  becomes  fe-  dr°gen  a!f°  fepa- 
r  „  -  .  ,  ,  .  .  ...  r  ,  rates  the  piatina. 

parated  in  the  form  of  a  brown  powder  ;  the  other  metallic  lub- 

llance  remains  undiflurbed  in  the  tolution.  It  may,  however,  al- 
moft  totally  be  precipitated  by  liquid  ammonia.  The  precipitate 
obtained  is  brown.  When  fufed  with  potafh  in  a  {liver  cru¬ 
cible,  the  mafs  acquires  a  green  colour  :  On  pouring  muriatic 
acid  on  it,  no  complete  folution  could  be  effected ;  there  al¬ 
ways  remained  a  powdery  fediment  which  retifted  likewife 
the  ablion  of  nitro-muriatic  acid.  Carbonate  of  potath  fepa- 
rated  from  this  folution  a  fmall  quantity  of  iron.  The  clear 
fluid  from  which  the  iron  had  been  feparated,  remained  per- 
febtly  tranfparent  when  heated  ;  but  it  acquired  a  bluifli  hue, 
which  inereafed  on  concentration,  and  after  the  exficcation  of 
the  fait.  On  adding  a  little  nitric  acid  to  the  fait,  the  blue 

O 

colour  became  changed  into  a  dark  red. 


CONCLUSION. 

I  now  flatter  myfelf  with  having  proved,  by  the  above  experi-  Conclufion. 
ments,  that  the  red  coloured  triple  falts  of  piatina  owe  their  The  red  colour 
colour  to  the  prefence  of  a  peculiar  metal,  oxidized  to  a  cer-  pe" 

tain  degree. 

That  this  metal  is  nearly  wholly  infoluble  in  acids;  that  it  nearly  Infoluble 
becomes  foluble  in  combination  with  piatina;  that  when  ox- in  a<rlds’,un!efs 
idized,  it  appears  in  the  form  of  a  blue  oxide  inclining  to  green;  piatina,  &c. 
that  its  oxides,  when  combined  with  piatina,  are  foluble  in  al- 
calies  ;  that  its  acid  folutions  are  not  decom potable  by  fulphu- 
retted  hidrogen ;  that  it  imparts  no  colour  to  borax;  that  its 
oxides  are  reducible  and  volatilizable  by  heat,  which  vo¬ 
latilization  becomes  favoured  by  a  ftream  of  oxigen  gas; 
and,  laftly,  that  oxigen  gas,  affifted  by  beat,  is  capable  of 
oxidizing  this  metal,  and  of  volatilizing  it  in  the  form  of  a  blue 
oxide. 

Thcfe 
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FILTERING  APPARATUS. 


Thi*  new  metal 
not  yet  named. 


Apparatus  for 
filtering  water. 


1  hefe  properties  do  not  characterize  any  of  the  known  me¬ 
tals,  and  I  am  therefore  authorized  toconfider  it  as  a  new  one, 
(o  which  I  fliall  give  a  name  when  I  have  explored  its  nature 
more  fully. 


XVII. 

Defcription  of  an  Apparatus  for  filtering  Water.  By  Mejf, 
Harman  and  Dearn,  of  Redrijf. 

The  waters  which  run  near  or  upon  the  furface  of  the  earth, 
are  ufually  contaminated  by  the  remains  of  animal  and  vege¬ 
table  fubftances  in  their  progrefs  towards  entire  decompofition, 
as  well  as  by  the  minute  powder  of  earthy  or  mineral  bodies, 
which  render  it  turbid  and  lefs  fit  for  the  purpofes  of  domeflie 
life.  Spring  or  pump  waters,  by  a  natural  filtration  through 
the  fandy  firata  of  the  ground,  are  moltly  cleared  from  thefe 
mechanical  admixtures  ;  but  in  many  places,  as  is  the  cafe 
with  thofe  of  our  metropolis,  they  are  rendered  impure,  or,  as 
it  is  called,  hard,  by  an  actual  folntion  of  fulphate  of  lime  or 
plaller  of  Paris,  which  prevents  their  lathering  with  foap,  and 
probably  renders  them  lefs  wholefome;  befides  which,  they 
ufually  carry  a  portion  of  the  drainage  water  in  great  towns, 
which  renders  them  ofFenfive  at  certain  feafons,  and  at  all  times 
lefs  worthy  of  confidence.  For  thefe  and  numerous  other 
leafons,  it  has  always  been  confidered  as  a  defirable  object 
to  clear  waters,  by  filtration,  from  thofe  impurities  which  ren¬ 
der  them  lefs  limpid,  and  a  variety  of  apparatus  have  been 
offered  to  the  public  for  that  purpofe. 

In  all  thefe  the  procefs  of  nature  has  been  imitated  ;  namely, 
by  caufing  the  water  to  percolate  either  through  fand  or  a 
fand-fione  ;  the  latter  of  which,  though  cofily,  feems  at  pre- 
fent  to  be  almoft  the  only  method  in  ufe  among  us. 

The  contrivers  of  the  fimple  and  cheap  apparatus  delineated 
in  Plate  VI.  are  Meff.  Harman  and  Dearn,  potters  at  Redriff, 
w’ho  remark,  that  the  filtering-ftone  is  not  only  expenfive  and 
liable  to  be  clogged  up  and  fpoiled  bv  the  bodies  depofited  in 
its  pores  from  the  water,  but  that,  as  thefe  bodies  are  a&ually 
in  the  progrefs  to  decay  and  decompofition,  they  are  in  fome 
cafes  found  actually  to  change  the  flavour  and  affe<5t  the  purity 

of 
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of  the  fluid  they  are  made  ufe  of  to  ameliorate.  In  confe-  Apparatus  for 
quence  of  which,  they  have  been  induced  to  apply  their  art  to  ^lte“n£  v,aLer* 
the  (implefi  method  of  affording  an  apparatus  for  the  filtering 
procefs,  which  (hall  not  be  liable  to  thele  objections. 

Plate  VI.  Fig.  i,  reprefents  the  whole  apparatus.  Fig.  2 
flievvs  a  (haded  feCtion.  A  is  a  veffel  of  (lone-ware  perforated 
with  holes,  m,  at  bottom,  upon  which  coarfe  gravel,  h,  is 
laid,  and  upon  that  a  (Iratum  of  fine  gravel,  and  laflly  fine 
(and,  g.  Or  otherwife,  the  bottom  may  be  covered  with  a 
coarfe  cloth,  which  will  render  the  graduated  finenefs  of  the 
gravel  and  land  lefs  neceffary.  Upon  the  top  of  the  fand  is 
laid  a  perforated  and  loaded  board  or  plate  of  earthen  ware,  to 
prevent  the  fand  from  being  diflurbed  when  the  water  is  poured 
in.  B  is  a  lower  veffel,  into  which  the  filtered  water  from  A 
drops,  together  with  any  fand  that  may  efcape  from  above. 

The  clear  water  flow's  out  through  the  neck  a  c  into  the  veffel 
D  for  ufe. 

The  (trufture,  ufes,  and  effeCts  of  this  apparatus  are  fo  ob¬ 
vious,  that  it  is  needlefs  to  enlarge  upon  them.  The  finenefs 
and  depth  of  the  filiceous  fand  will  regulate  the  perfe6!ion 
and  expedition  of  the  procefs ;  and  the  requifite  cleannefs  and 
delicacy  of  the  veffels  and  fand  may  be  infured  by  changing 
the  latter  from  time  to  time;  for  example,  once  in  a  fortnight 
or  three  weeks.  "  W.  N. 


XVIII. 


Examination  of  a  Stone  containing  Fotajh.  By  Frederic 
Accum,  Teacher  of  Practical  Chemifiry,  Pharmacy,  and 
Mineralogy . 


To  Mr.  NICHOLSON. 


SIR, 


Since  Klaproth  has  detected  potafli  in  the  lepidolife,  Introductory 

leucite,  and  fonorous  porphyry,  chemifts  have  fought  for  this  ktter. 
alkali  in  other  minerals,  and  their  enquiries  have  not,  been 
difappointed  :  Tromfdorff  has  found  it  lately  in  the  augite, 
and  no  doubt  this  alkali  will  be  met  with  in  many  other  mi¬ 
nerals  in  which  it  was  not  expeCted.  Being  called  upon  by 
the  company  of  potters  of  Staffordfliire  to  examine  a  variety 

of 


128 


STONE  CONTAINING  POTASH. 


of  dones  employed  in  the  manufadory  of  earthen- ware,  a  par¬ 
ticularly  exabt  analyfis  was  demanded  of  a  ftone,  labelled  grey 
Cornijh  #,  in  which  I  detected  this  alkali.  I  fhall  not  detain 
you  with  a  circumfiantial  detail  of  my  reiterated  experiments, 
which  were  undertaken  with  a  view  to  learn  the  nature  of  the 
done  under  confideration,  which  is  fought  for  by  the  potters 
with  avidity  ;  I  thall  merely  confine  myfelf  to  point  out  its 
characters,  as  well  as  that  examination  which  may  ferve  to 
ettablilh  the  credit  of  my  aflertion. 

I  am.  Sir,  with  refpeCt, 

Your  mod  obedient  humble  fervant, 

FREDERICK  AC  CUM, 

Old  Compton  Street ,  Soho. 


Vhyfical  Characters  of  a  Siliceous  Stone  containing  Potafh . 

Phyfical  charac-  THIS  done  is  found  in  amorphous  maffes,  forming  irregular 
tersof  aftone  drata,  under  the  furface  of  a  blue  clay.  Its  colour,  when 
containing  p°L  newly  taken  from  the  bed,  is  a  green  ifh-grey  interfperfed  with 

black  Ipots ;  but  when  left  expofed  to  the  air,  it  acquires  an 
a fh-grey  colour.  It  is  not  very  hard ;  its  pow'der  is  white. 
When  rubbed,  it  exhales  a  faint  argillaceous  odour.  Its  fub- 
dance  is  coarfe  or  uneven,  having  many  fmall,  lharp,  abrupt, 
irregular  elevations  and  irregularities.  Its  frabture  is  very  ir¬ 
regular.  It  may  be  eafily  fcratched  with  a  knife.  It  fcinti- 
lates  with  deel.  It  is  abfolutely  opaque  in  fmall  fragments. 
Urged  before  the  blow-pipe,  it  froths  and  melts  into  a  w'hite 
enamel.  Treated  witli  borax  in  a  fimilar  way,  it  forms  a 
reddith  bead. 

Its  fpecific  gravity  is  2,465. 


ANALYSIS. 


Analyfis  of  a  Experiment  One  hundred  grains  of  the  finely  levigated 
Hone  containing  done,  after  having  been  previoufly  ignited  f,  were  mixt  with 


potafh. 


a  folution  of  potafii  containing  400  grains  of  alkali,  the  mix¬ 
ture  was  evaporated  in  a  diver  capfcel  to  drynefs,  transferred 


*  I  am  not  permitted  to  date  the  exabt  place  in  Cornwall  where 
this  ftone  is  found. 

f  100  paits  loft,  during  ignition,  6  parts. 
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into  a  crucible  of  fiver,  and  fufed  for  half  an  hour.  The  fufed  Analyfis  of  a 
mafs  had  rather  a  pafty  appearance,  and  could  not  be  rendered  fton<l  conu^n^n? 
perfectly  fluid.  p°alh- 

Erp.  II. — As  foon  as  the  crucible  was  nearly  cold,  it  was 
removed  from  the  furnace,  its  contents  were  foftened  b y 
water,  and  the  affufion  of  this  fluid  renewed  from  time  to  time, 
till  all  the  fufed  mafs  was  detached  from  the  crucible:  about 
18  times  its  quantity  of  water  were  expended  for  that  purpofe. 

Exp.  III. — Into  the  obtained  alkaline  imperfect  folution  of 
muriatic  acid  was  gradually  poured,  and  the  whole  evaporated 
to  drynefs. 

Exp.  IV. — T  le  mafs  was  then  transferred  into  a  flatk  con¬ 
taining  dilute  muriatic  acid,  the  whole  was  buffered  to  boil 
for  a  few  minutes,  and  the  infoluble  part  feparated  by  the 
fibre.  The  filiceous  earths  thus  obtained  had  a  greyifli  ap¬ 
pearance,  but  it  acquired  a  white  colour  after  having  been 

again  digefted  in  muriatic  acid,  dried  and  ignited.  It  weighed 
58  grains. 

Exp.  V. — The  fluid  from  which  this  quantity  of  flex  had 
been  feparated,  together  with  the  muriatic  acid  employed  for 
purifying  it,  and  the  water  expended  for  ablution,  were  con¬ 
centrated  to  about  20  cubic  inches,  and  then  mingled,  boiling 
hot,  with  a  folution  of  carbonate  of  foda  ;  the  precipitate  de* 
pofited  was  collected,  and  wathed  as  ufual. 

Exp.  VI. — As  foon  as  the  precipitate  was  fo  dry  that  it  could 
be  removed  from  the  filtre  without  lofing  part  of  it,  it  was 
transferred  into  a  folution  of  potafh,  and  the  mixture  boiled 
for  about  half  an  hour.  On  futfering  the  alkaline  folution  to 
ftand  undiffurbed  for  twenty-four  hours,  a  powder  was  depo- 
fited,  which,  on  being  again  boiled  in  a  more  concentrated 
folution  of  potafh,  remained  unaltered.  It  was  therefore  col- 
le&ed,  wathed,  dried,  ignited,  and  put  afide  for  further  exa¬ 
mination. 

Exp.  I II.  Into  the  alkaline  folution,  freed  from  this  pow¬ 
der,  I  now  dropt  muriatic  acid,  till  the  precipitate  which  firfl 
appeared  again  vanifhed,  and  then  decompofed  it  by  the  ad¬ 
dition  of  carbonate  Gj  ammonia.  The  precipitate  obtained  in 
this  experiment,  after  repeated  ablutions  arid  ignition,  amount¬ 
ed  to  28  grains.  Experiments  not  efTential  to  be  ftated  here, 
convinced  me  that  it  was  alumine. 

Vol.  VIII.— June,  180'k  K  Exp, 
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Analyfis  of  a  Exp.  VIII. — The  precipitate  of  this  experiment  was  diffolved 

Hone  containing  j  nitrC). muriatic  acid,  and  then  mingled  with  liquid  am- 

potato.  .  .  .  ,  ,  r  i  .  •  i 

monia.  A  brown  precipitate  became  depouted,  which, 

after  being  dried,  amounted  to  0,25  grains.  It  was  oxide  of 

iron. 

The  fluid  from  which  this  iron  had  been  feparated,  yielded 
no  other  products,  on  being  carefully  examined,  except  two 
grains  of  lilex  which  efcaped  feparation. 

Thus  far  the  Hone  had  yielded  filiceous  earth,  alumine  and 
oxide  of  iron.  J  fliall  fupprefs  thofe  enquiries  which  proved 
fruitlefs  for  learning  its  farther  compofition,  and  Hate  merely 
thofe  which  were  attended  with  fuccefs  for  that  purpofe,  and 
which  were  as  follow  : 

Exp.  IX. — One  hundred  grains  of  the  Hone  reduced  to  an 
impalpable  powder,  were  triturated  with  600  grains  of  cryf- 
tallized  nitrate  of  barytes :  the  mixture  fufed  till  the  flame  of  a 
piece  of  ignited  wood  did  not  become  enlarged  when  held 
clofe  over  the  furface  of  the  fufing  mafs. 

Exp.  X. — The  melted  mafs  was  foftened  wdth  water,  and 
digefled  in  muriatic  acid ;  the  fluid  filtered,  and  the  refidue 
waflied. 

Exp.  XL — The  liquid  obtained  in  this  procefs  I  neutralized 
with  carbonate  of  ammonia,  and  added  the  latter  till  no  further 
cloudinefs  enfued.  After  having  feparated  the  precipitate,  I 
evaporated  the  fluid  to  drynefs  :  the  obtained  fait  I  transferred 
into  a  glafs  tube  clofed  at  one  end,  and  committed  it  to  fubli- 
mation. 

Exp.  XII. — After  the  fublimation  had  ceafed  (which  was 
known  by  a  metallic  wire  introduced  into  the  tube  during  the 
procefs,  not  becoming  in  the  leaH  covered  with  a  coat  of 
fait),  I  broke  the  tube  and  feparated  the  fait.  This  being 
diflfolved  in  water  and  cryllallized,  yielded  nine  grains  of  mu¬ 
riate  of  foda. 

Exp.  XIII. — To  decompofe  this  fait,  I  rediflolved  it  in 
water,  and  mingled  the  folulion  w  ith  nitrate  of  filver  till  no 
farther  cloudinefs  appeared:  I  then  feparated  the  muriate  of 
iilver  formed,  and  decompofed  the  nitrate  of  potafh  by  heat, 
which  yielded  4,50  of  potafli. 
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The  analyfis  being  thus  completed,  I  learnt  that  100  grains 
of  this  filiceous  hone  from  Cornwall  contain. 


Analyfis  of  a 
ftone  containing 
potafh. 


Silex,  60 

Alumina,  -  -  -  2S 

Oxide  of  iron,  •  -  0,25 

Potafti,  -  4,50 

Water,  -  -  -  q 


98,75 

Lofs,  -  1,25 


100 


— . .  .  ,=r 

XIX. 

I 

Letter  from  A.  Carlisle,  Efq.  on  the  Temperature  of 

the  Sea . 

To  Mr.  NICHOLSON. 

Dear  Sir,  Soho  Square,  May  28,  1804, 

The  following  table  was  made  by  Mr.  R.  Perrins,  furgeon  Table  of  the 
on  the  Honourable  E.  I.  Company's  eftablifhment,  d  unng  a  r^roperature  of 
voyage  to  Bombay  in  the  year  1800.  The  temperatures  in  the  ^  &c* 
this  table  were  noted  at  my  requeft,  from  a  defire  to  deter¬ 
mine  whether  fifties  poftefs  any  other  temperature  than  that 
of  the  water  in  which  they  live,  the  negative  being  afferted 
by  Linnaeus.  As,  however,  this  imperfedl  journal  may  aftifl 
in  fimilar  researches,  I  beg  leave  to  offer  it  for  the  ufe  of 
your  periodical  work. 

I  am.  Sir, 

Your  much  obliged  fervant, 

ANTHONY  CARLISLE* 


K.i 

,  \ 


Regijlcr 
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Table  of  the 
temperature  of 
the  Tea,  & c« 


“  Regijier  of  Almojpkeric  Temperatures ,  collated  with  thofe  of 
the  Sea-Water  taken  on  board  the  Honourable  E,  /.  Company’s 
extra  Ship  Skelton  CaJUe” 


1800. 

Atmo- 

fphere. 

Sea-Water. 

Lai 

.  N. 

Long.  W. 

Feb.  28 

* 

52° 

42° 

34' 

13° 

25' 

March  2 

* 

4 

« 

57 

36 

47 

15 

7 

* 

62 

33 

19 

17 

34 

9 

64 

31 

58 

50 

11 

* 

66 

30 

26 

20 

49 

13 

* 

67 

No  obferv. 

59 

15 

71° 

+68 

26 

23 

24 

16 

72 

6'9f 

25 

49 

24 

17 

72 

70 

21 

14 

55 

18 

74 

72 

18 

16  , 

26 

12 

19 

74 

72 

15 

17 

47 

20 

75 

72 

13 

52 

24 

49 

21 

76 

74 

11 

58 

23 

6 

22 

78 

+76f 

9 

46 

21 

12 

23 

80 

78 

7 

43 

20 

1 1 

24 

82 

80 

5 

25 

20 

13 

25 

82 

80 

4 

24 

20 

6 

26 

84 

82 

3 

33 

19 

41 

27 

84 

82 

2 

58 

19 

27 

28 

85 

82 

2 

35 

19 

17 

29 

86 

83 

2 

7 

19 

10 

30 

86 

83 

35 

20 

1 

31 

85 

82 

33  S. 

19 

April  l 

84 

81 

2 

27 

20 

41 

2 

83 

80 

4 

44 

22 

31 

3 

82 

80 

7 

12 

23 

47 

4 

83 

80 

9 

50 

24 

50 

5 

82 

79 

12 

30 

25 

6 

80 

76 

15 

17 

25 

59 

7 

78 

76 

18 

13 

26 

5 

8 

78 

76 

20 

41 

26 

3 

9 

80 

78 

22 

22 

56 

10 

80 

78 

23 

28 

27 

20 

11 

80 

73 

24. 

23 

37 

12 

78 

76  Shark  88+ 

24 

43 

32 

13 

76 

74 

26 

29 

22 

14 

74 

72 

27 

50 

24 

14 

15 

72 

70 

28 

42 

35 

16 

72 

70 

31 

45 

*  The  atmofpheric  temperature  was  not  fet  down  during  thefe  days* 
+  Each  trial  upon  the  Tea-water  was  repeated  three  or  four  times, 
and  the  fame  refults  followed. 

+  Caught  a  fliark,  and  found  the  heat  in  its  ftomach,  after  being 
fuddenly  killed,  85u. 
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1800. 

At  mo- 

fphere 

# 

Sea- Water. 

Lat.  S. 

Long.  W. 

April  17 

70° 

68° 

339 

10' 

23° 

57' 

18 

70 

66 

34 

20 

22 

46 

19 

70 

66 

35 

51 

19 

38 

20 

68 

66 

36 

2 

18 

35 

21 

68 

66 

36 

3 

15 

1 1 

22 

68 

64 

35 

56 

11 

22 

23 

68 

64 

6 

47 

24 

66 

64 

36 

47 

3 

15 

25 

64 

62 

36 

34 

41  Eaft 

26 

64 

62 

39 

3 

40 

27 

62 

58 

37 

25 

6 

20 

28 

61 

58 

53 

7 

40 

29 

60 

58 

45  \ 

8 

40 

30 

60 

58 

36 

30 

12 

11 

May  1 

60 

58 

7 

16 

13 

2 

60 

58 

30 

18 

13 

3 

60 

60 

34 

10 

16 

4 

60 

60 

37 

22 

22 

25  , 

5 

60 

62 

10 

26 

38 

6 

58 

64 

36 

54’ 

50 

51 

7 

62 

66 

30 

34 

51 

8 

64 

66 

37 

39 

39 

9 

62 

64 

5 

43 

21 

10 

62 

64 

20 

45 

21 

1 1 

62 

64 

35 

43 

48 

14 

12 

64 

66 

33 

15 

49 

38 

13 

66 

66 

30 

35 

51 

18 

14 

68 

68 

27 

35 

52 

12 

15 

72 

70 

25 

2 

31 

16 

76  . 

74 

21 

21 

39 

17 

78 

76 

18 

52 

53 

16 

18 

78 

76 

16 

25 

54 

12 

19 

80 

78 

13 

27 

53 

29 

20 

78 

78 

12 

41 

50 

55 

21 

80 

78 

10 

56 

49 

41 

22 

80 

78 

7 

8 

49 

41 

23 

80 

80 

4 

9 

50 

32 

24 

8  1 1 

80 

1 

46 

52 

27 

25 

84 

81 

13  N. 

54 

2 

26 

86 

82 

2 

32 

50 

59 

27 

84 

82 

4 

36 

56 

10 

28 

85 

82 

9 

26 

60 

51 

29 

85 

82 

9 

26 

60 

51 

30 

85 

82 

14 

31. 

64 

41 

June  1 

84 

82 

15 

56 

66 

59 

2 

86 

82 

17 

39 

69 

40 

3 

85t 

84 

18 

57 

72 

4 

Arrived  in  Bombay  Harbour. 

Obfervations 
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ON  FLUIDS  AS  CONDUCTORS  OF  HEAT, 


XX. 

Obfervatiom  upon  the  DoStrine  of  Count  Bun  ford  refpefting  the 
leant  of  direFt  conducting  Power  in  Fluids  with  regard  to 
Heat .  By  Cit,  Berthollet.* 

The  doftrinc  of  Count  RUMFORD  has  publiflied  feveral  memoirs,  by 
Count  R uniford  vvbicb  }ie  has  endeavoured  to  prove  that  liquids  and  elaftic 
dueling  property  fluids  are  not  conductors  of  heat,  and  that  they  only  tranfmit 
of  fluids  deferves  ca]or|c  by  means  of  the  con ta£t  with  folid  bodies,  which  is 
owing  to  the  motion  of  their  parts:  as  this  property  would 
make  a  difference  between  the  Rates  of  a  iubftance  much 
greater  than  there  is  occafion  to  fuppofe  in  the  explanation  of 
the  other  phenomena;  as,  befides,  this  celebrated  philofopher 
lias  fixed  the  attention  on  an  object  whiefi  had  been  negledted, 
and  has  drawn  applications  from  it,  beneficial  in  the  arts,  and 
in  the  ufes  of  life,  I  think  it  proper  to  offer  fome  doubts  on  the 
principles  which  he  has  deduced  from  his  observations :  I  fhall, 
in  the  fi r ft  place,  examine  whether  the  faffs  on  which  he  relies, 
cannot  admit  of  a  natural  explanation  from  the  properties 
which  I  have  already  analyfed,  or  whether  it  will  be  neceffary 
to  have  recourfe  to  particular  properties.  But  I  fhall  attend 
only  to  the  confiderations  which  may  ferve  to  elucidate  this 
difcuffion,  without  introducing  the  details  it  would  require,  if 
I  were  to  examine  it  more  fully. 

Detail  of  Count  The  experiments  which  the  author  made  were  performed 

Rum  ford’s  ex-  vvith  an  apparatus,  of  which  it  will  be  proper  to  infert  a  de- 
penments  on  f  .  *  * 

heated  fluids.  Icription.  "  He  employed  a  cylindrical  glals  jar  of  4.7  inches 
in  diameter,  and  13.8  in  height;  he  put  a  known  quantity  of 
water  (about  two  pounds)  into  the  jar,  which  was  intended 
to  form  a  cake  of  ice  at  the  bottom  of  the  veflel.  For  this 
purpofe,  the  jar  with  the  water  was  put  into  a  frigorific  mix¬ 
ture  of  (alt  and  ice,  the  action  of  which  was  not  long  in  con¬ 
verting  the  water  into  a  folid  difk  adhering  to  the  bottom  and 
Tides  of  the  jar;  the  jar  was  then  removed,  and  plunged  into  a 
mixture  of  ice  and  wafer,  to  the  level  of  the  interior  cake, 
which  gave*  it  the  temperature  of  melting  ice,  or  of  the  zero 
of  the  common  thermometer.  Then,  after  having  covered  the 
furface  of  the  ice  with  a  difk  of  paper,  j-  hot  water  was  poured 

*  From  hisEflaide  Statique  Chemique. 

•J-  Bibb  Brit. 

on 
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cn  It,  as  gently  as  poflible,  to  about  the  quantity  of  74  ounces;  Detail  of  Count 

this  water  was  about  eight  inches  above  the  iurface  of  the  ^um**orc* s  ex" 

c>  penments  on 

d  Ik.”  heated  fluids. 

i(  The  paper  was  then  removed  very  gently,  and  after  hav¬ 
ing  fuffered  the  water  to  remain  a  certain  number  of  minutes 
in  contact  with  tl>e  ice,  it  was  poured  off,  and  the  jar  with 
the  ice  which  it  ttill  contained  immediately  weighed;  its  dif¬ 
ference  from  the  primitive  weight  eftablifhed  the  quantity  of 
ice  which  had  melted  while  the  hot  water  remained  above 

p  » 

ib« 

Having  obferved  that  the  motion  occafioned  by  pouring  on 
the  hot  water  produced  an  effect  which  was  confiderable,  and 
foreign  to  the  communication  of  heat,  the  author  lucceftively 
devded  feveral  modes  of  diminifhing  it.  t:  He  introduced  the 
liot  water  through  a  wooden  tube,  clofed  at  the  bottom  and 
pierced  laterally  with  feveral  finall  holes,  through  which  the 
water  iffued  upon  a  w  ooden  difk,  alio  pierced  like  a  fieve,  and 
floating  on  the  water  as  it  rofe  in  the  vetfel.  This  diik  was  re- 
moved  as  foon  as  the  water  was  poured  in,  and  the  velTel  was 
covered  with  a  w’ooden  lid,  in  the  centre  of  which  was  fuf- 
pended  a  thermometer;  finally,  by  previoufly  covering  the  ice 
with  a  fl  rat  urn  of  cold  water,  about  half  an  inch  in  thick  neis, 
in  which  the  perforated  wooden  difk  floated,  the  author  fuc- 
ceeded  in  greatly  diminifhing  the  irregularity  of  the  refults.” 

Befides,  thefe  precautions,  the  author  feparated  from  his 
refults  the  quantity  of  ice,  which  liquefied  at  the  firfl  inflant, 
and  which  exceeded  that  which  melted  in  the  fucceeding  fpaces 
of  time:  in  thefe  different  experiments,  while  that  part  of  the 
cylinder  w  hich  contained  the  ice  was  kept  conflantly  at  the 
temperature  of  melting  ice,  the  upper  part  wras  left  in  contact 
with  the  ftirrounding  air,  or  furrounded  with  a  bad  conducting 
fubftance,  or  plunged  into  the  mixture  of  water  and  ice:  tiie 
water  poured  on  the  ice  received  different  temperatures.  I 
make  three  divifions  of  the  refults  of  all  the  experiments:  Iff. 

Water  which  was  only  about  four  degrees  above  zero,  melted 
a  little  more  ice  in  the  fame  fpace  of  time  than  boiling  water: 

2d.  When  the  upper  part  of  the  cylinder  w^as  wrapped  in  a  bad 
conducing  fubftance,  the  hot  water  melted  more  ice  than  when 
it  was  in  contaCt  with  the  air:  3d.  When  the  upper  part  of 
the  c)  Under  was  plunged  into  the  mixture  of  ice  and  water, 
more  ice  was  melted  than  when  it  was  left  in  contact  with  the 
atmolphere  at  61?  Fahrenheit’s  thermometer. 


To 
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difference  of 
temperature. 


MS 

Explanation.  To  explain  thefe  observations,  the  properties  which  we  have 
wiil  bTcomrnu-  recognized  in  liquid  fubftances,  and  in  elaftic  fluids,  and  from 
n-icated  the  great,  which  we  have  inferred  the  changes  which  are  effeded  in  their 

tf^mp'eraule*  ^'^rent  ftates  °f  combinations,  muft  be  applied  to  the  pheno- 
a.  Locomotion  mena  obfervcd  by  Rumford. 

effeft  hi  fluids  ^ave  ^een»  lft-  that  the  liquid  particles  enter  fo  much 

and  ought  to  be  the  more  rapidly  into  combination  as  they  were  at  a  greater 
feparately  con-  diflance  from  faturation,  becaufe  then  the  force  which  folicits 
locomotion  *doesC^e  Saturation  is  greatefl  ;  fo  that  the  efleds  which  depend  on 
the  communication  of  the  temperature  muft  be  very  weak, 
when  the  differences  between  them  are  but  fmall. 

2d.  Locomotion,  which  ferves  to  bring  particles  together 
which  are  at  a  greater  diftance  from  faturation,  accelerates  the 
effed  of  the  mutual  adion  by  which  its  equilibrium  is  eltablifh- 
ed,  fo  that  it  is  neceflary  to  feparate  the  effed  which  depends 
on  this  caufe  from  that  which  is  owing  to  immediate  commu¬ 
nication. 

3d.  Water  and  fome  other  fubftances  acquire  a  greater  fpe- 
cific  levity  on  approaching  the  term  of  congelation;  wdience 
it  follows  that  the  locomotion  produced  by  the  variations  of  tem¬ 
perature  in  other  circumftances  will  be  fubjed  to  modifications, 
which  muft  be  allowed  for  when  water  and  the  other  liquids 
which  poflefs  this  property,  approach  the  term  of  congelation. 

To  apply  thefe  properties,  we  muft  alfo  take  into  confider- 
ation  the  diredion  in  which  the  heat  is  communicated;  for  the 
combination  of  effeds  will  be  different  accordingly  as  it  is  ap¬ 
plied  to  the  inferior  or  fuperior  part  of  a  liquid. 

In  order  that  a  ready  motion  may  be  eltablifhed  between  the 
AffcnvcTof^em-  Part*c^es  which  are  at  the  bottom  of  the  veflel,  and  thofe  at  the 
pe rat ure  is  fmall,  furface,  there  muft  be  but  little  difference  betw  een  their  tem¬ 
perature;  the  particles  which  are  near  the  ice,  and  become 
expanded,  will  then  raife  themfelves  above  thofe  which  have  a 
temperature  barely  greater;  but  if  the  temperature  fhould 
caufe  a  great  difference  betw  een  the  fpecific  gravities,  this  mo¬ 
tion  will  be  much  more  confined,  fo  that  the  ice  will  remain 
furrounded  with  water  of  its  own  temperature,  or  which  is 
very  little  removed  from  it.  It  is  evident,  therefore,  that  that 
part  of  the  effed  w  hich  depends  on  the  motion  will  be  much 
lefs,  when  there  is  a  great  difference  in  the  temperatures. 

But  when  this  diftance  in  fad  exifts,  the  efted  produced  by 
the  communication  of  the  heat,  independently  of  the  motion, 
4*  will 


Locomotion  is 


The  effc<ft  of 

the  heat  by  a 
/laid  will  be 
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will  vary  according  to  the  manner  in  which  the  temperature  is  ^he  difference  of 
preserved  i ry  the  liquids.  If  the  veffel  has  a  non-condu£ting  temperature  is 
covering,  the  heat  will  be  retained,  and  a  greater  quantity  will  ^°^o^v°^able 
be  communicated  than  if  it  had  been  allowed  to  pafs  into  fur-  caufesof  its 

rounding  bodies. — But  when  the  difference  of  the  temperature  communication. 

.  .  .  .  f  .  C.  Rumford  s 

of  the  liquid  is  not  confiderable,  as  in  the  experiment  in  wdnch  experiments  re¬ 
water  at  16°  was  employed,  it  is  more  advantageous  to  aug^  quire  no  new  law 
_ r  J  ,  _  .  ,  to  explain  them. 

ment  the  effect  owing  to  the  tranilation  or  the  particles,  by 
cooling  all  the  cylinder,  than  to  preferve  tiiat  which  is  owing 
to  the  fimple  communication  of  caloric.  It  appears  to  me  that 
this  explanation  naturally  flows  from  the  known  properties  of 
fluids,  and  that  Rumford’s  oblervations  do  not  lead  us  to  new 
inductions 

It  muff  be  remarked  that  by  feparating  the  effeCt  which  took  Additionalre- 
place  at  the  firft,  when  a  confiderable  difference  in  the  tem-  mar^* 
perature  could  occation  a  quick  communication,  he  only  ob- 
ferved  that  which  was  produced  when  there  were  but  very 
flight  differences  between  fucceffive  drata  of  the  liquid  and  the 

ice  itfelf:  now,  when  there  is  but  a  finall  difference  of  fatu- 

/ 

ration,  either  between  chemical  combinations,  or  between  the 
temperatures,  the  equilibrium  is  efiabli fhed  very  flowdy,  and  it 
becomes  difficult  to  appreciate  the  effeCts. 

The  experiments  which  Rumford  made  by  plunging  a  fmall  ExPeriments 
cylinder  of  iron,  heated  to  the  degree  of  the  ebullition  of  and  heated  iron, 
water,  into  wrater  and  mercury  flanding  over  a  (mall  piece  of 
ice,  without  producing  its  liquefaction,  only  prove  that  when 
two  bodies  differ  but  little  in  their  temperature,  the  equilibri¬ 
um  is  edablifhed  with  difficulty  ;  for  it  mud  be  obferved  that  the 
iron,  which  had  but  a  little  fpecidc  heat,  and  is  a  good  con¬ 
ductor,  mult  have  lod  the  greated  part  of  its  heat  rapidly,  in 
that  part  of  the  liquid  which  it  paded  gently  through,  and  ne- 
verthelefs  have  raifed  that  of  the  liquid  but  little,  or  even  that 
of  the  mercury,  conddering  the  mafs  of  it. 

But  in  thefe  experiments  of  Rumford  I  dnd  proofs  of  the  Other  faffs  to 
property  which  he  denies  to  liquids.  that 

Id.  In  all  the  experiments  which  I  have  quoted,  except  in  duftors. 
thofe  made  with  the  heated  cylinder  of  iron,  the  liquefaction 
of  the  ice  took  place  in  a  confiderable  degree,  and  each  part 
liquided  fuppofes  a  quantity  of  heat  which  would  have  raifed 
on  equal  weight  of  water  from  the  term  of  congelation  to  75 
degrees  of  the  centigrade  thermometer, 

2d.  He 
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ergo.  See. 


2d.  He  froze  the  water  at  the  furface  of  mercury  cooled  by 
a  frigonfic  mixture;  the  temperature  of  the  mercur)  was  there¬ 
fore  communicated  to  the  water,  and  the  latter  yielded  its  ca¬ 
loric  to  the  mercury,  to  replace  that  which  it  loft. 

If  the  communication  of  heat  was  only  the  effect  of  the  par¬ 
ticles  of  a  liquid,  the  mercury  of  a  thermometer  would  tcarcely 
change  its  temperature  when  it  had  arrived  at  the  freezing  point 
of  w'ater:  in  fact  in  feveral  of  his  experiments  ( EJfuy  7 , )  Rum- 
ford  fuppofes,  that  at  this  degree,  the  mercury  no  longer  com¬ 
municates  heat :  now  a  thermometer  takes  the  temperature  of 
neighbouring  bodies  very  rapidly,  and  indicates  it  feveral  de¬ 
grees  below  the  freezing  point  of  water,  and  as  far  as  its  own 
congelation;  then  it  conducts  itfelf  like  the  folid  bodies,  and  its 
dilatations  become  proportionably  fmaller  than  the  preceding. 

Mercury  con-  Rumford  has  proved  that  the  conducting  power  of  mercury 

duds  oetter  than  js  {()  t|ial  Qf  waler  as  1000  to  313. 
water,  but  being 

denfer,  has  lets  This  effect  of  the  mercury,  which  takes  the  temperature  ot 
locomotion,  tj]e  jn  which  it  is  placed  more  rapidly  than  the  water, 

although  it  has  a  much  greater  fpecific  gravity,  and  is  much  lefs 
dilatable  by  the  fame  degrees  of  heal,  and  confequently  the 
heat  will  caufe  much  lefs  locomotion  in  its  particles  than  in  thofe 
of  water;  this  effect  I  fay,  proves  that  the  changes  of  tempe- 
ature  do  not  depend  on  the  immediate  communication  and  the 
changes  of  fpecific  gravity  which  produces  the  approximation 
of  the  particles  of  unequal  temperatures,  but  alio  on  the  better 
or  worfe  conducing  property  of  each  fubftance. 

3d.  Rumford  paid  no  attention  to  the  radiant  caloric,  nor 
did  he  make  any  allowance  for  it;  neverthelefs  the  communi¬ 
cation  of  heat  eftabhfhed  by  its  means  between  folid  bodies 
and  liquids,  through  the  gafes,  cannot  be  doubted,  and  it  may 
be  remarked  that  when  lie  brought  a  heated  bullet  near  to  ice 
and  tallow,  a  communication  of  heat  took  place  w'hich  melted 
the  furface  of  both,  w  ithout  it  being  poflible  to  attribute  this 
communication  to  a  circulation  fuch  as  he  thinks  is  necelfary. 

The  ingenious  experiments  of  Rumford  have  employed  the 
talents  of  feveral  pbilofophers,  who  have  already  proved  that 
the  principles  to  which  they  led  were  not  conformable  to  the 
true  refults  of  obfervation. 

Nicholfon  found  Nicholfon,  in  conjunction  with  Pidcf,  made  fome  experi- 
downwardsS  ments  by  which  he  proved,  that,  on  heating  a  liquid  at  the 
through  a  fluid,  furface,  by  the  fuperpofition  of  a  body,  the  heat  penetrated, 

and 


Rumford  neg- 
lc£t$  the  radiant 
heat. 


Experiments  of 
other  philofo- 
phers. 
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and  raifed  a  thermometer  placed  at  the  bottom  of  the  liquid  : 
to  avoid  communication  by  the  Tides  of  the  veiled,  a  bad  con¬ 
ducing  fubfiance  was  made  choice  of,  and  he  afcertained, 
by  means  of  a  thermometer  placed  in  the  fame  liquid  near 
the  Tide  of  the  veffel,  that  no  current  was  cftabhftied  which 
differed  in  the  temperature  :  finally,  the  motion  of  the  bubbles 
which  were  difengaged,  and  the  other  appearances  of  the 
liqu.d,  convinced  him  that  currents  were  not  formed. 

In  thefe  experiments*  it  was  proved,  that  liquids  were  ^ncUaefmuch 
different  in  their  conducing  faculty  J  the  penetration  of  the  worfe  than 
heat  from  the  top  to  the  bottom,  was  five  times  flower  in  oil  mercury. 

than  in  mercury. 

Rumford  fuppofed  that  the  flighted  changes  of  fpecific 
gravity  were  accompanied  by  a  locomotion,  which  produced 
a  current,  and  he  endeavoured  to  render  it  viflhle,  by  ex- 
poling  an  alkaline  liquor,  in  which  were  fuipcnded  very  fmall 
fragments  of  amber,  which  he  found  had  the  fame  Ipecific 
gravity  as  the  liquid,  to  a  change  of  temperature  :  but  Thom-  Thomfon  found 
Ton  has  (liownf,  that  the  motions  observed  in  thefe  molecuias  0f  d0 
were  illufory,  and  that,  in  thefe  variations  of  temperature,  not  prove  any 
which  are  gradual,  they  appear  to  be  owing  only  to  the  dif- m  the 
ference  of  fpecific  gravity  which  they  acquire,  and  to  trie  ad¬ 
herence  of  air-bubbles,  fo  that  fome  of  thefe  moleculae  move 
in  contrary  direCions,  and  run  again  A  each  other  without 
following  the  direCion  of  the  currents,  he  has  ado  fhown  that 
thefe  floating  corpufcules  might  receive  different  motions  while 
the  flrata  of  the  liquid  maintained  a  perfeC  tranquillity,  he 
put  water,  tinged  blue  by  juice  of  red  cabbage  into  a  glafs  vef-  — the  floating 
fel;  he  afterwards  poured  clear  water  on  it  with  great  Precau-  J°[;d”°?t“d 
tion,  by  means  of  a  tube  with  a  capillary  extremity;  thus  he  quiefcent  fluids 

kept  the  two  liquids  feparate  and  diftindl;  he  then  heated  the  of  different 

*  -  •  -r  r  l  x  T  ,  ,  ,  colours. 

veffel  gently  at  the  bottom  :  it  is  mamfeft  that  if  a  current  had 
been  eftablifhed,  it  would  have  been  marked  by  the  coloured 
liquid,  but  the  reparation  of  the  two  liquids  was  preferved  un- 
confufed  ;  moreover  the  corpufcules  put  into  the  firfl  liquid 
moved  upwards  and  downwards,  and  croffed  the  line  of  fepa- 

*Bibl.  Brit.  Tom.  XVIII.  or  Philofophic  Journal,  Quarto  Tories. 

V.  197. 

f  Nicholfon’s  Journal,  OBavo,  for  Feb.  1802.  See  alfo  a  me¬ 
moir  by  this  philofopher,  in  the  Jouinal  for  JYiarch,  J 80 1 ,  contain¬ 
ing  the  earlieft  experimental  examination  of  the  Count  sdoctiine. 

ration 
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ration  without  producing  the  mixture  of  the  two  fluids,  fo  that 
their  various  motions  were  not  the  effect  of  a  current  which 
carried  them  with  it,  and  neverthelefs,  the  heat  was  communi¬ 
cated  to  all  the  liquid.  The  propagation  of  the  heat,  and  the 
agitation  of  corpufcules,  which  have  nearly  the  fame  fpecihc 
gravity,  may  therefore  take  place,  independently  of  the  circu¬ 
latory  motion,  which  is  only  eftablifhed  when  there  is  a  differ¬ 
ence  of  temperature  of  a  certain  intenfity  between  the  differ¬ 
ent  flrata  of  a  fluid. 


Murray  made 
experiments  in 
a  veffel  of  ice, 
containing  a 
fluid.  The  heat 
palled  down¬ 
wards. 


— and  mercury 
conducted  better 
than  oil. 


Murray  has  oppofed  Rumford’s  opinion  with  experiments 
flill  more  diredt,  and  not  lefs  conclulive ;  *  he  placed  the  bulb 
of  a  thermometer  in  a  cylinder  of  ice,  which  he  filled  alter¬ 
nately  with  oil  and  mercury;  he  afterwards  brought  a  heated 
body  near  the  furface  of  the  liquid;  the  thermometer  rofe  fe- 
veral  degrees  in  both  experiments;  but  the  heat  could  not 
have  been  conveyed  by  the  lides  of  the  ice  whofe  furface  would 
have  abforbed  and  liquefied  ;  no  current  was  eflabhlbed,  for 
the  moleculse  of  the  liquid  having  become  lighter,  could  not 
take  a  contrary  direction,  and  the  author  avoided  ufmg  water, 
which  contradts  on  pafling  from  the  degree  of  congelation  to  a 
temperature  a  little  more  railed:  the  heat  muff  therefore  have 
been  communicated  to  the  bulb  of  the  thermometer  without  the 
eflablithment  of  fueh  a  current  a$  is  fuppofed  to  be  requifite; 
and  that  which  ferved  to  dilate  it  was  only  the  excefs  of  what 
had  liquefied  part  of  the  ice. 

The  obfervations  of  Murray  prove  at  the  fame  time  that 
mercury  is  a  much  more  effective  condudtor  of  heat  than  oil, 
for  the  elevation  of  the  thermometer  was  manifefied  by  its  in¬ 
termedium  in  a  much  fhorter  time,  and  more  ice  was  liquefied. 


*  Ann.  de  Chim.  Floreal,  An.  X.  or  Philof.  Journal,  Ottavo,  T. 
165.241.  The  experiments  of  Thomfon  and  Murray,  originally 
appeared  in  our  Journal,  and  thofe  of  Count  Rumford  are  al fo  given, 
for  which  fee  the  Indexes. 


(To  be  continued.) 
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On  the  Difficulty  of  obtaining  Alumine  in  a  State  of  Purity . 

By  R.  T. 

To  Mr.  NICHOLSON. 

SIR, 

Your  Journal  being  open  to  every  difquifition  which  may 
contribute  to  the  progrefs  of  fcience,  it  may  not  be  deemed 
impertinent  to  alk  you,  or  fome  of  your  correfpondents,  to 
point  out  the  bed  method  of  preparing  pure  alumine. 

You  mav,  probably,  refer  me  to  our  modern  authors  on  Alumine  ob- 
J  1  J  ji  talned  by  mix- 

chemiftry,  but  I  aver  that  the  methods  therein  recommended  ;ng  Saturated  fb- 

do  not  anfwer  the  purpofe.  For  if  a  faturated  folution  of  lutions  of  alum 

alum  of  commerce,  be  decompofed  by  a  like  faturated  folution  a  h 

of  a  carbonated  alkali,  the  alumine  obtained  is  harfli  to  the 

touch,  rather  fpungy,  and  ftrongly  adheres  io  the  tongue. 

This  earth,  although  wafhed  as  often  as  you  pleafe,  always  appears  to  con- 
»  °  n  c  m  n  tain  acid,  and  Is 

reddens  the  blue  juice  of  the  flowers  of  mallow,  as  well  as  foluble# 

of  other  delicate  vegetable  blues.  It  may  be  wholly  dif- 

folved  in  about  100  parts  of  boiling  water:  and  the  folution 

becomes  very  turbid  by  muriate  of  barytes. 

If,  on  the  other  hand,  a  dilute  folution  of  alum  be  decom-  Dilute  folutions 
pofed  by  another  of  alkali,  a  quite  different  produa  will  be 
obtained.  The  alumine  produced,  on  being  defecated  is  notance, 
porous,  but  fplits  into  pieces  like  flarch  ;  and  has,  before  it  is 
nearly  dry,  a  certain  degree  of  tranfparency  j  it  breaks  with 
a  fmooth  and  nearly  conchoidal  frafture  ;  it  does  not  adhere  to 
the  tongue  like  the  former,  and  has  no  earthy  appearance. 

This,  like  the  former,  cannot  be  freed  from  the  adhering  acid.  Akewife  acid. 

It  alfo  changes  fine  vegetable  blues  to  red,  although  ever 
fo  much  wafhed.  What  is  the  reafon  of  this?  Is  there  no 
method  of  forcing  this  earth  from  the  adhering  acid?  or  is  it 
perhaps  a  characterise  of  the  earth  itfelf,  to  redden  vegetable 
blues.  If  you  will  pleafe  to  anfwer  this  queflion,  or  point 
out  a  better  method  for  procuring  this  earth  pure,  you  will 
much  oblige, 

Camdcn-Tozun,  Sir,  Your  confiant  reader. 

May  28,  1804,  R.  T. 

REFLY. 

THIS  letter  having  arrived  fo  late  in  the  month,  I  can  only 
for  the  prefent  offer  it  to  my  other  cctrefpondents. 

SCIENTIFIC 
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Nexv  Earth. 

NEW  earth  has  been  •  di (covered  by  Profetlbr  Klaproth 
of  Berlin,  in  an  ore  which  was  hitherto  fuppoled  to  contain 
tungden,  to  which  he  lias  given  the  name  of  ochroit  earth, 
the  mineral  which  contains  it  he  has  called  ochroit,  (ochroites.) 
This  earth  feems  to  form  the  connecting  link  between  the 
earths  and  the  metallic  oxides.  Like  yttria,  it  produces  a 
reddifh  coloured  fait  with  fulphuric  acid  ;  and  is  precipitable 
by  all  the  piuffiales;  bu*  it  is  didinguifhed  from  yttria  by  not 
forming  fweet  falts,  and  by  not  being  (at  lead  much  lefs) 
foluble  in  carbonate  of  ammonia,  and  by  acquiring  when 
ignited,  a  light  brown  colour.  This  earth  farther  differs  from 
yttria,  by  not  being  foluble  either  by  borax  nor  by  phofphates, 
with  which  yttria  fufes  into  a  colourlefs  pellucid  bead.  Its 
other  characieridics,  and  method  of  obtaining  will  be  given 
in  our  next  Journal. 

-  ■mi  iffJHw  - 

Suberic  Acid  from  Paper*. 

BRUGNATELLI  has  obferved,  that  when  nitric  acid 
is  made  to  act  upon  paper,  a  large  quantity  of  fuberic  acid, 
mixt  with  oxalic  acid,  is  obtained.  This  proves  that  Fourcroy 
was  right,  in  placing  cork  among  the  immediate  principles 
of  vegetables. 

Eafy  and  expeditious  Method  of  preparing  Copal  Varnijh  t  . 

DEMMENIE,  an  ingenious  glafs  blower,  has  noticed  that 
the  folution  of  copal  may  eadly  be  effected,  by  expodng  it  to 
the  vapours  of  alcohol  or  oil  of  turpentine.  For  that  purpofe 
an  alembic  may  be  filled  £  with  either  of  thefe  fluids,  and 
fome  pieces  of  copal  fuffered  to  be  fufpended  by  threads  in  it, 
over  the  furface  of  the  fluid.  After  having  made  the  alcohol 
or  oil  of  turpentine  to  boil,  the  copal  becomes  liquefied, 
drops  into  the  fluid  and  becomes  dilfolved.  When  no  farther 


*  Gehlen’s  Journal  of  Chemijlry ;  Vol.  I.  p.  3.  page  340. 
f  Ibidem. 
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folution  takes  place,  the  whole  is  fufFered  to  cool,  and  the 
folution  of  copal  is  decanted  from  the  undulolved  part,  d  he 
varnifh  has  no  more  colour  than  the  copal  itlelf. 

Large  Piece  of  A/nber  *. 

A  PIECE  of  amber  weighing  13lb.7oz.  9fcr.  and  meafur-  Lar^^fpedme* 
ing  3 1 8|  cubic  inches,  has  lately  been  found  at  Schlapacken, 
near  Gumbinnen  and  Infierburg  in  Germany,  which  is  tne 
largefl  mafs  of  amber  hitherto  found.  Its  colour  is  a  pale 
yellow,  interfered  with  teveral  lines.  Its  value  is  efiimated 
at  about  40,000  dollars. 

Fluoric  Ether  f . 

15 oz.  Previoufly  ignited  and  pulverized  fluate  of  lime, 
were  introduced  into  a  retort  containing  lOoz.  of  highly 
rectified  alcohol,  and  an  equal  quantity  of  fulphuric  acid  of 
1,860  fpec.  grav.  and  the  mixture  difiilled  to  drynefs.  During 
the  difiillation,  a  large  quantity  of  gas  was  evolved,  which 
burnt  with  a  beautiful  blue  flame,  and  diffufed  an  odour 
refembling  phofphorated  hydrogen.  During  the  comhufiion 
of  this  gas,  vapours  of  fluoric  acid  were  precipitated.  The 
product  which  had  been  obtained  during  the  difiillation  was 
again  difiilled  to  one  half,  and  the  product  which  pafled  over, 
was  poured  into  a  vial  containing  water.  No  heat  was  pro¬ 
duced,  nor  did  the  twro  fluids  mix.  It  was  therein* e  ether. 

But  as  its  tafie  was  four,  I  added  to  it  a  folution  of  potafli  ; 
this  infiantly  feparated  a  confiderable  quantity  of  filex,  and 
the  whole  became  converted  into  a  gelatinous  mafs.  The 
whole  mafs,  on  being  again  difiilled,  yielded  pure  fluoric 
ether.  It  greatly  refembled  fulphuric  ether ;  its  fpecific 
gravity  was  0,720  j  it  burnt  with  a  blue  flame  j  its  tafie  was 
bitter,  and  greatly  refembling  bitter  almonds. 

New  Method  of  preparing  Nitric  Ether.  By  Brugnatelli  £.  Nitric  ether, 

INTRODUCE  into  a  tubulated  retort,  one  ounce  of  fugar, 
and  pour  over  it  two  ounces  of  highly  concentrated  alcohol. 

Adapt  to  the  retort  a  capacious  receiver  furrounded  with 


f  Ibid. 


*  Ibid< 


%  Ibid. 


cloth 
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cloth  dipt  into  water;  and  fecure  the  jun6tures  of  the  veflels 
by  furrounding  them  with  flips  of  paper  only.  Having  done 
this  pour  through  thetubulure  of  the  retort  3oz.  of  concentrated 
nitrous  acid  ;  a  violent  action  takes  place,  the  fugar  becomes 
diflolved,  and  the  alcohol  converted  into  ether,  pafles  over 
into  the  receiver;  its  quantity  is  nearly  equal  to  the  alcohol 
employed. 


Accenfwn  of  Sulphuretted  Ilidrogen  Gas ,  by  the  Ajfufion  of 
Nitrous  Acid.  By  Profeffor  Lichtenberg  *. 

ATTEMPTING  to  illuflrate  the  decompofition  of  ful- 
phuretted  hydrogen  gas,  I  filled  a  bottle  with  it,  capable  of 
holding  about  18oz.  of  water.  Having  done  this,  I  poured 
into  it  at  once,  |  of  an  ounce  of  nitrous  acid  ;  a  hiding  noife 
took  place,  and  much  red  vapour  was  difengaged,  which  in 
order  not  to  rnolefl  my  auditors,  I  confined  in  the  bottle,  by 
corking  it.  No  fooner  had  this  been  accompliflied,  the  mix¬ 
ture  exploded  with  a  loud  report,  accompanied  with  a  blue 
flame  +.  The  pieces  of  glafs  were  thrown  to  a  confiderable 
diflance,  the  larger  ones  were  covered  with  fulphur. 

*  Ibid. 

f  For  the  fuccefs  of  this  experiment,  it  feems  to  me  to  he  necef- 
fary  that  the  gas  muft  be  obtained  by  decompofing  water  by  means 
of  fulphuret  of  iron  and  an  acid  ;  for  it  always  failed  in  my  hands, 
if  an  earthy  or  alkaline  fulphuret  had  been  made  ufe  of  for  the  pro¬ 
duction  of  it.  F.  A. 
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ARTICLE  I. 

.  x 

On  the  fuppnfed  Chemical  Affinity  of  the  Elements  of  Cowmen  Air; 
zvith  Remarks  on  Dr.  Thomfon's  OhfeTvations  of  that  Subject, 

In  a  Letter  from  Mr.  J.  Dalton. 

/ 

To  Mr.  NICHOLSON. 

SIR,  N 

In  a  former  letter,  inferted  in  your  Journal  (new  fefies,  vol.  Difficulties  re« 
III.  page  267)  I  endeavoured  to  (hew  the  abfurdity  of  the  no-  ^ 

tion  of  atmofpherical  air  being  a  chemical  compound  of  azo*ic  mofpheric  air  is 
and  oxigenous  gafes.  Befides  the  difficulty,  or  rather  impoffi-  pQC^^Cal  Com*' 
bility  on  the  one  hand  of  conceiving  how  two  elementary  par¬ 
ticles,  conhantly  repelling  each  other,  fhould  not witbftanaing 
be  held  together  by  a  principle  of  cohefion  or  chemical  affinity; 
or  on  the  other  hand,  fuppofing  the  two  atoms  to  combine* 
and  form  one  centre  of  repulfion,  how  atmofpheric  air  fhould 
ditfer  from  nitrous  gas,  &c.  There  are  a  variety  of  fadts  which 
oppofethe  dodtrine  fo  forcibly  that  I  have  for  fome  time  won¬ 
dered  on  what  grounds  thofe  who  are  hill  its  adherents  de¬ 
fended  it.  Dr.  Tbomfon,  in  the  fecond  edition  of  his  che-  Dr.  Thomfon’s 

mihy,  vol.  III.  page  316',  after  reviewing  the  opinions  of  dif-  arSuments 
c  \  r  ...  ,  .  n  ,  favour  of  that 

rerent  philolophers  on  tins  head,  and  amongft  others  my  own,  do&rine, 

concludes  that  air  is  a  chemical  compound;  he  affigns  the  four 

following  reafons  for  the  conclufion,  which,  from  his  extenfive 

Vol.  VIII. — July,  1804.  L 
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acquaintance  with  authorities,  may  fairly,  it  is  prefumed,  be 
deemed  the  moft  cogent  that  have  been  offered  on  that  fide  of 
the  queftion.  It  is  the  objebt  of  this  communication  to  fliew 
their  inefficiency. 

j.  The  conftant  1.  The  conftant  proportion  of  azol  and  oxigen  in  the  atmo- 
proportion  ot  fphere  is  confidered  as  an  argument  for  their  being  held  by  affi- 
fappofed^o^e1  nity«  So  indeed  it  may  ;  but  it  is  equally  in  favour  of  my  hy- 
regulated  by  af-  pothefis,  and  therefore  nothing  tending  to  decide  the  queftion 

Sealed  7ttra&ion  can  be  obtained  from  it.  For,  let  part  of  the  oxigen  be  ab- 
of  the  abundant  drafted  any  where  from  the  atmofphere;  then  the  azot  may  be 
gas>  .fuppofed  to  attraft  the  oxigen  from  the  vicinity,  and  thus  the 

equilibrium  be  reftored :  but  it  is  certainly  equally  latisfaftory 
to  fuppofe  that  the  oxigen  in  the  vicinity,  meeting  with  a  let's 
repulfi  ve  power  from  the  deficient  quarter,  nothing  prevents 
its  diffufion  into  that  quarter  but  the  azot  previoufly  there, 
which,  by  hypothefis,  can  only  retort,  but  by  no  means  prevent 
---but  this  may  the  effect.  Thus  then,  whether  the  azot  attract  the  oxigen,  or 
with  more  pro-  qie  oxigen  reptl  itfelf,  the  effe£t  is  precifely  the  fame.  From 
cribedC^iwil  Ibis  faft  Amply,  it  is  impoffible  therefore  to  decide  the  merits 
mmjhedrepul -  either  theory;  but  if  it  be  found  that  any  one  gas  diflufes 

^cient^as^For,  bfelf  in  any  other,  with  nearly  the  fame  celerity,  it  will  be  a 
&c.  prefumption  in  favour  of  my  hypothefis;  if  ofherw ife,  it  may 

be  urged  that  the  quicker  diffufion  is  owing  to  the  ftronger  affi¬ 
nity.  I  have  made  a  great  number  of  experiments  on  this  head, 
but  could  not  find  any  remarkable  difference  in  the  time  and 
circumfiances  of  diffufion  of  the  fame  gas. 

2.  Humboldt  and  2.  It  is  faid  the  experiments  of  Morozzo  and  Humboldt  fliew 
Morozzos  ex-  tj]at  a;r  poffeffcs  different  properties  from  a  mere  mixture  of  its 
a  mere  mixture  two  component  parts.  I  do  not  credit  the  experiments. 

of  the  gaf-s  dif-  Humboldt  finds  a  variable  quantity  of  oxigen,  from  23  to  30, 
Ir^not'crt  or  more  per  cent,  in  the  air ;  whereas  others  who  are  more 
dited.  accurate,  find  but  21,  or  at  mod  22,  and  that  conflant.  It  is 

no  wonder  then,  if  he  mix  28  oxigen  and  7  2  azot,  that  the 
mixture  diminishes  nitrous  gas  more  than  air,  and  fupports 
combufiion  and  animal  life  for  a  longer  time. 

3.  Different  com-  3.  Different  combufiibfes  are  capable  of  abforbing  different 
buftibles  abforb  p0rl;ons  0f  oxigen  from  a  given  quantity  of  air.  Phofphorus 

22  per  cent.  Sulphur,  S,  &c.— The  only  inferences  I  draw 
from  common  from  thefe  facts  are,  that  phofphorus  will  burn  in  oxigen  of  any 
ai!*  denfity,  that  fulphur  will  not  burn  in  oxigen  unlefs  it  be  of  f 

of  atniofpheric  denfity  or  more.  The  difference  in  the  pheno- 
$  mena 
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tnena  of  combuftion  in  air,  and  in  oxigen  is  not  to  be  afcrrbed  Afcribed  merely 
to  the  combination  of  azot  and  oxigen,  but  to  the  lefs  denfity  *°  t^e  vaT‘ous 

.  ©  J  denfities  of  ox- 

or  the  latter,  (-5-)  of  what  a  pure  atmofphere  of  the  fame  gas  jgen  in  which 

would  be.  From  an  incidental  but  imperfedt  trial  I  made,  in  they  ceafe  to 
fconj unction  with  Mr.  Davy  laft  winter,  I  have  no  doubt  but 
iron  wire  would  burn  in  common  air  of  five  times  the  denfity 
with  brilliancy  as  in  an  atmofphere  of  pure  oxigen  of  common 
denfity.  At  any  rate  it  is  notorious  that  as  the  denfity  of  com¬ 
mon  air  is  increafed,  combuftion  in  it  becomes  more  vigorous. 

Though  I  have  never  attempted  combuftion  in  an  atmofphere  Propofed  expe¬ 
ct  pure  oxigen  of  -■  the  common  denfity,  I  can  fcarcely  doubt  deC^* 

that  the  appearancees  would  be  much  the  fame  as  in  the  open 
air.  It  is  probable  therefore  that  the  fadts  under  this  head,  if 
duly  inveftigated,  would  turn  out  in  favour  of  the  hypothefis 
of  air  being  a  mixture. 

4.  “  A  gas  no  way  diftinguifhable  from  common  air  fre-  4.  Gas  refem* 
quently  makes  its  appearance  during;  the  preparation  of  nitric  b!,nS  common 
acid;  and  Mr.  Davy  decompofed  nitrous  oxide,  by  palling  it  preparing  nitrous 
through  a  red  hot  tube,  and  converted  it  into  nitric  acid  and  a  ac  dl 
gas,  which  polfelfed  the  properties  of  common  air;  now  if  air 
were  a  mere  mixture,  it  is  infinitely  improbable  that  its  two 
conftituent  parts  fhould  be  evolved  during  fuch  proceffes  ex- 
adtly  in  the  proportion  that  exifls  in  common  air.” — Granted; 
but  as  the  force  of  this  argument  refts  upoyi  the  exa6t  propor¬ 
tion  of  oxigen  and  azot  in  the  gafes  fo  evolved,  that  is,  upon 
their  being  conftituted  alvvaysof  21  percent,  oxigen,  and  79 
azot,  the  fadts  fhould  be  made  out  accordingly.  Dr.  Prieftley  Anfwer.  The; 
is  the  only  one  I  know  of,  who  has  particularly  examined  the  P;eu^c  rc^m‘ 

J  ....  J  -  biance,  qr  pro- 

gas  produced  in  the  preparation  of  nitric  acid,  and  he  found  it  portion  of  parts$ 

to  have  much  more  oxigen  than  common  air0  Mr.  Davy  in  his  ^aS  not  beer* 

analyfis  of  nitrous '  oxide,  found  the  gas  analogous  to  atmo- 

fpheric  air  always  to  contain  lefs  oxigen,  though  it  w'as  nearly 

of  the  atmofpheric  ftandard.  -  v 

The  quick  afcent  of  hid'rogen  and  the  defcent  of  carbonic  The  fhtical 
acid,  have  been  objedted  to  my  hypothefis  as  fadts  that  prove  ajc<^u  or  del  cent 
the  operation  of  the  laws  of  fpecific  gravities  on  elaftic  fluids,  fords  no  proof 
No  doubt  can  exift  that  a  portion  of  elaftic  fluid  completely  aSa!n^  the  iaw 

*  *  of  their 

infulated,  as  a  balloon,  or  a  bubble  of  carbonic  acid  or  hidro-  diffufiont 
gen,  furrounded  by  a  film  of  water,  is  fubjedt  to  the  laws  of 
gravitation,  and  rifes  or  falls  in  elaftic  fluids  on  the  fame  prim¬ 
ly  2  ciplef 
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ciple  as  it  rifes  in  water;  the  fame  mud  be  allowed  when  a 

veflel,  containing  a  confiderable  portion  of  elaftic  fluid,  isfud- 

denlyexpofed  at  fome  furfacc  to  tlie  atmofphere;  in  this  cafe, 

the  fluids  muji  operate  upon  each  other  for  a  few  moments  in  a 

collected  capacity,  as  in  elaftic  bodies ;  becaufe  the  diflufive 

or  repu! five  force  by  which  they  conftantly  tend  to  difperfion, 

is  comparatively  flow  in  producing  the  ultimate  effect,  being 

in  this  refped  exactly  fimilar  to  chemical  affinity,  the  operation 

gradually  diminifhing  as  the  effed  draws  towards  a  concluiion. 

F<*r  the  fcparate  Nothing  more  therefore  can  be  inferred  from  the  facts  above- 

by^heir^  ment*onecb  than  that  gravity  overpowers,  and  for  a  moment 

relative  gravity  obliterates  the  effect  of  that  caufe  which  in  other  cafes  flowly 

S°rCthCddffy  produces  the  ditperfion  of  the  fluid,  whether  it  be  attradion, 

flon  can  take  as  commonly  fuppofed,  or  repullion,  as  I  fuppofe.  Chemical 

P,acc»  philofophers  have  not  enquired  fufficiently  into  the  effects  ot 

expofing  gafes  in  different  circumttances  to  the  atmofphere ; 

all  that  we  are  ufually  told  is,  that  a  jar  filled  with  hidrogen 

and  uncovered,  lofes  its  gas  in  a  few'  feconds ;  but  if  inverted, 

it  remains  nearly  pure  for  a  confiderable  time,  &:c.  I  find  that 

a  cylindric  jar  of  7  indies  depth  and  2|  diameter,  being  filled 

with  hidrogen,  and  inverted,  lofes  more  than  half  of  its  gas  in 

two  minutes,  and  there  is  fo  little  left  as  fcarcely  to  explode  in 

But  the  diffusion  five  minutes.  If  a  tube,  12  inches  long  and  \  inch  diameter, 

is  much  fpeeaier  ^  fi|jecj  vv;th  hidrogen,  and  expofed  in  like  manner  to  the  at- 
than  is  generally  °  r 

taught.  mofphere,  it  will  lofe  half  its  gas  in  five  minutes,  and  that  the 

fame,  whether  it  be  held  up  or  down  or  horizontal.  Here  we 
fee  effects  that  cannot  be  accounted  for  by  gravity,  that  are 
produced  in  oppofition  to  its  agency,  and  where  indeed  it  is 
almofi  obliterated  by  the  adion  of  fome  more  powerful  caufe. 
Let  the  advocates  for  the  atmofphere  being  a  chemical  com¬ 
pound  attend  to  fuch  fads  as  thefe,  and  they  will  foon  find 
themfelves  reduced  to  acknowledge  that  all  gafes  have  the  fame 
affinity  for  one  another ,  a  pofition  which  their  dodrine  ulti- 
The  fa£ts,  if  mately  tends  to  eftablilh.  Indeed  it  is  the  fame  with  regard 
afenbed  toaffi-  toairand  vapour,  of  water,  ether,  or  of  any  other  fluid;  that 

nity,  would  ihew .  r  ’  .  r  r  J  . 

that  it  is  the  is,  all  kinds  of  ga'  or  mixtures  of  gafes,  have  the  fame  affinity 

‘-between  for  the  fame  vapour,  and  even  a  torricellian  vacuum  poffeffes 

and  even  be  juft  ^ie  ^anie  affinity  as  any  of  them,  judging  from  the  quantity 

tween  a  gas  and  evaporated,  and  force  of  the  vapour  in  a  given  volume.  If 

any  one  doubt  it,  he  may  eafily  falisfy  himfelf  by  throwing  up 

a  drop 


a  vacuum. 
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a  drop  or  two  of  ether  into  the  vacuum  of  a  common  barome¬ 
ter;  it  the  temperature  be  68°,  the  mercury  will  tail  15  inches 
nearly;  a-t  the  fame  time,  if  ether  be  admitted  to  a  given  bulk 
of  any  kind  of  gas,  fubjedt  to  the  preffure  of  the  atmofphere, 
the  volume  will  be  doubled,  clearly  fhewing  that  the  elaffic 


vapour  from  the  ether  is  theTame  in  both  cafes,  namely,  an 
independent  fluid  of  15  inches  force. 

I  cannot  difmifs  this  fubjedt  without  obferving,  in  juftice  to  Water  does  not 
Dr.  Thomfon,  that  he  has  entered  more  clearly  into  my  views 
of  thefe  fubjedts  than  any  other  of  our  own  country  who  has 
animadverted  upon  them.  There  are  certain  principles,  howr- 
ever,  which  he,  with  moft  chemifls  of  the  prefent  day,  em¬ 
braces,  which  are,  according  to  my  experience,  decidedly 
erroneous.  One  of  thefe  is,  that  water  dijfolves  air.  An  ex¬ 
cellent  paper  of  Mr.  W.  Henry,  on  the  ablorption  of  gafes  by 
water,  in  the  Philof.  Tranfadtions  for  1803,  has  fhewn  us  fuf- 
flciently  in  what  light  we  fhould  view  the  fuppofed  folution  of 
air  in  whaler.  Certainly  air  that  is  retained  in  water  by  me¬ 
chanical  force,  and  which  always  efcapes  when  that  force  is 
withdrawn,  cannot  with  any  propriety  be  faid  to  be  held  by 
chemical  affinity. 

Dr.  Thomfon  has  been  miffnformed  refpedting  my  opinions  The  author  does 
on  the  expanfion  of  liquids.  In  vol.  i.  page  343,  he  gives  it  ^  expa^fionof 
as  my  fuggeffion,  that  all  liquids  expand  the  fame  quantity  all  liquids  by 
from  their  freezing  to  their  boiling  temperatures.  I  never  en- 
tertained  fuch  an  opinion  ;  and  it  is  certainly  erroneous.  My  lation  and  boil- 
idea  is,  that  pure  and  homogeneous  liquids,  fuch  as  water  and  ^  Vingfell^d 
mercury,  expand  according  to  the  fquare  of  the  temperatures  expands  accord- 
from  the  points  at  which  they  congeal ;  but  I  have  not  yet  found  ing  *°  fquare 
a  law  to  regulate  fhe  relative  expanfions  of  thefe  and  other  turefromks 
liquids.  freezing  point, 


I  am  your-s,  &c. 

J.  DALTON, 

Manchester , 

June  16,  1804. 
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II. 

Enfj  Methods  of  completing  the  Talles  of  Squares  and  Cubes.  In 

a  Letter  from  H.  G. 


To  Mr.  NICHOLSON. 


Computation  of 
fijuarcs : 


I 


SIR, 


Of  cubes ; 


the  other  half. 


N  the  lad  number  of  your  Journal,  Mr.  Councer’s  extenfive 
table  of  fquares  is  fiated  to  be  deficient  from  No.  28261  to 
29061.  This  deficiency  may  very  eafily  be  filled  up  by  this 
rule.  To  the  fquare  of  any  given  root  add  twice  that  root 
+  1  y  the  product  will  be  the  fquare  of  the  next  root. 

1  he  table  of  one  half  the  cubes  in  Mr.  Councer's  table,  may 
half  the  (cries $  eafily  be  made,  examined,  and  added  to,  by  the  following 
rule  :  Multiply  the  cube  of  any  given  root  by  8;  the  product 
will  be  the  cube  of  tw'ice  the  next  root. 

The  other  half  of  the  cubes  in  the  fame  table,  and  alfo  all 
thofe  already  found  as  above,  may  eafily  be  found  from  any 
two  cubes  and  their  roots  in  fuccefiion  being  given.  Thus: 
From  the  given  cube  of  the  Iargefi  of  the  given  roots,  fublra<5t 
the  giyen  cube  of  the  next  lefs  given  root ;  to  the  remainder 
add  fix  times  the  Iargefi  given  root,  and  alfo  the  given  cube  of 
the  Iargefi  given  root ;  the  fum  will  be  the  cube  required;  as 
will  appear  from  the  following  example  : 

Roots.  Cubes. 

9 999~  An  999700029999  7  Required  the  cube 
1 0000—  B~i  000000000000  j  of  the  root  1000 1 . 

B  —  A — C —  299970001  Remainder. 

00000  ■!  Six  times  thelargeft 
given  root. 


Give 


{d- 


A~ C:~ 
6D— 


B  -f  C  -}•  6  D—  1 0003Q003000 1 


{ 

_  (  Cub. 
■  re 


be  required  of 
root  1000 I. 


I  am.  Sir, 

N 

Your  mofi  humble  fervant. 


Taft  Smithfteld. 


H.  G. 


P  roll 'em 
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III. 

Problems  in  Spheroidal  Triangles.  By  Peregrines  Proteus. 

To  Mr.  NICHOLSON. 

SIR, 

The  folution  of  the  problem  relating  to  the  figure  of  4he  New  problems 
earth,  in  my  firfl  letter*,  led  to  fome  new  properties  of  fphero-  tjjangies°lda 
idal  triangles,  from  which  I  fhall  endeavour,  in  this,  to  deduce 
a  few  rules,  that  may  be  applied  with  fuccefs  in  trigonometri¬ 
cal  furveys.  It  will  be  found  that,  though  the  general  formula 
be  complex,  yet,  in  the  cafes  that  occur  in  practice,  they  ad¬ 
mit  of  being  fufficiently  Amplified  ;  for  not  only  may  the  terms 
involving  the  fecond  and  higher  powers  of  the  compreffion, 
but  alfo  frequently  the  differences  between  the  longitudes  and 
latitudes  of  the  nations,  be  reje&ed. 

1.  ‘  Having  mven  the  latitudes  of  two  places  on  the  furface  Prob.  I.  Given 
of  the  earth,  and  the  length  of  the  flraight  line  or  chord  joining  chord  of  arc: 
them,  it  is  required  to  find  their  difference  of  longitude  V  Required  diff. 

Let  X,  be  the  latitudes  of  the  two  places,  D  their  difiance  longlt* 

c 

in  fathoms,  a  the  radius  of  the  equator  in  fathoms,  —-=  3  the 

compreffion  at  the  poles,  d  fuch  that  fin  anc^  u 

difference  of  longitudes  of  two  places,  whofe  latitudes  are 
X,  <p,  and  diflance  d  on  the  fphere.  Then  by  the  formula, 
page  16,*  the  true  difference  of  longitude  «  is  equal  tow'-f* 

Q  X~=«'+Q3,  if  we  reje£t  the  higher  powers  of  in  whichf 
a 

2  f fi n  X—  fin  $)*  - 2  fin  I  d4  (fin  X4+fin  ?*) 

Q  —  ^ - - — ■ — - - — r - f — —  • 

^  '  col.  x  col.  <p  fin  U 

Now  becaufe  in  trigonometrical  furveys,  d,  and  (*-$) 

2  (fin  X  — fin  <P)2  _ 

are  fmall,  we  may  lake  col.Acol;^nV'- 


*  Journal  for  May. 

+  There  are  fome  typographical  and  other  errors  in  the  paper 
referred  to,  which  I  have  taken  notice  of  at  the  end  of  this  lette.  • 
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X  —  $  X —  $ 

C  "  a/  " 

finld* 


4  fin 


.  X— T-i  and 
2  a/ 


cof.  X  col.  Q  (in  u'  *~" 

Sfinfd*  (finx*4-fin$2) 

* - “7 - 7~zrr — -> —  =  4  tang.  X  tang,  — — — — 

col.  x  col.  <p  fin  w  lino) 

d 

2  tang,  x  tang.  $  fin  jdx—?;  wherefore  Q  is  equal  to  4  fin 

U)  'I 

X— P  X  —  $  r?  . 

— T— X  — 7 - 2  tang,  x  tang.  $  fin  Hx-r,  and 

,  %  C  d*  2  ? 

&>  =  o/  —  5.  <  tang,  x  tang.  <?>x  — 7 - r  nearly;  where 

c  «'  *  &/  3 

the  corre6tion  will  be  given  in  feconds  of  a  degree,  if  df, 

w,  and  (x  —  (?>),  be  expreffed  in  feconds. 

r  ,  .  r  .  cof.  d—  fin  X  fin  (p  ,  ^  , 

By  Ipherics  col.  c/=  - - - - - ,  whence  we  find,, 

cof.  X  cof.  <p 

when  d  and  J  are  fmall,  -  .  /  (  (d  +  x-^  j 

V  b  col.  X  col.  <p  J 

without  any  fenfible  error,  which  value  fubfiituted  in  ihe  for¬ 
mula  w=a)'-|-Q  \  will  give  the  true  difference  of  longitude  re . 
quired 

When  the  meafured  chord  is  perpendicular  to  the  meridian, 

»  *  ■  *  ’  *  .  »  .  ? 

d  D 

$  is  nearly  equal  to  x,  and  confequently  w'= - = - 

n  <  cof.  x  a  col.  X 

D  *  D 

and  <u= - - — x  ( 1  —  l  fin  X2),  or  a>= — - - - ;  but 

u  col.  X  1  •-  cof.  x  (a-j-c  fin  X2) 

a~\-c  fin  X2  is  equal  to  the  radius  of  curvature  of  the  perpendi¬ 
cular  to  the  meridian,  in  the  latitude  X=AM  in  the  figure 
(Journal  for  May),  which  put  =  R,  and  there  refults  «  = 
D  .  ' 

which  correfponds  exactly  with  one  of  Legendre's 

theorems,  (Mem.  Acad.  1787). 

Example.  Let  X=50°  44'  23",71,  the  latitude  of  Beachy 
Head,  <p-50°  37'  7", 31,  the  latitude  of  Dunnofe,  D  — 
56566,5 7  fathoms,  and  , <2=3496740.  Then  becaufefin  \d=z 

B-,  d  is —— —  nearly  =^3336", 73,  27'  0' ,65,  and  «=„' 

j.a  a 


—  3 105",  7 4  o ;  in  which,  if  we  fuppofe  3— — —,  we  ftiall  have 

232 

*=1°  26'  47", 93. 

«  ■  L  *  .  '  >  . 

2.  *  Having 
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2.  *  Having  given  the  latitude  of  a  place,  and  its  longitude  Prob.II.  Given 
and  difiance  from  another  place,  it  is  required  to  find  the  other 

latitude  ? ’  tance  from  an- 

Let  A  be  the  given  and  the  required  latitude  ;  D  the  mea-  ^ 

fu red  difiance,  d—~ — ,  «  the  difference  of  longitude,  and  <?' 

a 

the  latitude  on  the  fphere  found  from  "X,  »,  d%  Tjien  by  fphe- 

rics  cof.  A  cof.  cof.  w-j-fin  A  fin  ^'^cof.  d,  whence,  when 

dt  cj,  and  A— <£>'are  fmall,  there  refults  A  —  yj (dz  —  cof.  A 

cof.  <p'.  w2  )=±  y/(d‘1  —  u*  cof.  A1)  nearly.  But  by  the  theorem, 

page  16,  if  <p=^''-f-r,  vye  find  x=Q  5,  in  which  the  variable 

2  (fin  A—  fin  <P/)?  —  k  d*  (fin  A2-f-fin  <P'Z) 
quantify  Q  is  =  — f7x -fin  y  c0,  V-t,n  = 

(CnJi’+lin  (f,2)-2cof.  C i 

- . - -i— - - - ;  or 

2.  cof.  A  fm  <P-  fin  \  u'z  -f-iin  (A— <p  ) 

\  dx  (fin  A2-j-fin  <p/z)  —  2  cof.  f  — .  {X—<p')z 

Q  _ _ i _  \  2  / _ 

cof.  A  fin  (p7  fin  u/-{-(A—  CP’) 

Now  when  A  and  <P  are  nearly  equal,  this  formula  becomes, 

__  fin  A2,  d2  -  2  cof.  A*  (A  -  <p')z  __ 

•j  w.  cof.  X  tin  fin  f 
f/n  Xz  dz  —  2  cof.  A2  (A  —  ty')1 

cof-.  A  fin  A  fin  \  w.  w-f-(A-tp') 

3.  *  Having  given  the  latitude  A,  the  horizontal  angle  a,  Prob.  III. 

and  the  difiance  D,  it  is  required  to  find  the  difference  of  Ion- c,l,;en  one  lat< 

•!  ,  ‘  with  the  boriz, 

gitude  V  angle  and  dif- 

Let  Q  be  the  latitude,  and  w  the  longitude  of  the  place  re- tance  1  Tofin4 


D 


diff.  long. 


quired ;  with  the  latitudes  A,  and  djfiance  ,  on  the 


fphere,  to  find  the  difference  of  longitude  and  the  horizontal 
1  • 
angle  oJ  at  A. 

_  .  fin  d  fin  a/  .  finv'.d  .  , 

Then  will  fin  v  = - ; — - — ,  or  u  =  - — 7—^-  ;  but  by  firfi: 


cof.  $ 


cof.  <P 
2(X-0)2 


r 

quefiion  «=&>'—  3  \  tang.  A  tang.  $  x  — 

d  fin  ci!  C  / lang  X  fin  <p  cof.  p 

w  here  fore  w= - 7— -r«  a  1— of  — 

cof.  <P  \ 


2  cof. 


'.  <PZ  (A  —  (p}z  \  I  _d  fin  »'  ^  ^ 

1  fin  )\~  COl.  <P  C  \ 

2  cof.  A1  (A  —  <P)Z  \  1 

d  1  fin  a/a  J  \ 


fin  cc'% 

fin  A2 


fi  n  a 


'7. 


Now 
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Given  two  lats. 
and  difT.  long. 
To  finc^  hoiiz. 
ang'es. 


Now  by  fpherics  f  — — — j  is  =  cof.  a!'1  fere,  and  fin  a '  ~ 
fin  oi  —  2  fin  ct!z  cof.  a ‘  cof.  X. - .o,  by  theorem,  page  17  ;  or 


becaufe 


$■ 


U) 


cof.  X  cotang,  a  fer£,  the  fin  a'  is  =  fin  a  — 


} 


2  fin  a'  cof.  a'2  cof.  X7  o  j  confequently  cu  is  = 

d  fin  a  C  fin  xz  }  (  2  cof.  X2  cof.  a4  . 

- ^  1-S.- - -  (  X  ]  H - 7 - x - .3 

col.  $  C  till  a2,  3  (.  lm  a2. 

From  the  theorem  fin  a  =  fin  a.  —  2  fin  cl'  cof.  a/2  cof.  X1.  o, 

it  is  tnanifefi:  that  a.  is  nearly  equal  to  a'-J-  fin  2 a'  cof.  X2. 

When  a  is  nearly  equal  to  a  right  angle,  we  have  u  = 

d  fin  a  f  *  _  .  "1  D  fin  a 

- - *  <  1  —l  fin  X2  >  = - ,  which  correlponds  with  one 

col.  P  L  J  Root. 

of  Legendre’s  theorems. 

4.  r  Having  given  the  latitudes  of  two  places,  and  their 
difference  of  longitude,  it  is  required  to  find  the  horizontal 
angles  t3 

Let  X,  (p  be  the  latitudes  of  two  places,  u  their  difference  of 

longitude,  and  <*,  /3  the  horizontal  angles  at  X,  <p  refpe&ively 

on  the  fpheroid  ;  rdlo  a,  fi  the  correfponding  angles  on  the 

fphere,  which  may  be  found  Irom  the  data  by  the  rules  of  fphe- 

rical  trigonometry.  Then  by  the  theorem,  page  J7,  if  we  put, 

„  cof.  x  fin  <P  —  fin  x  .  . 

M  =  2  fin  x  — 7 — r  X - n “  2  fin  a  2  x 


cof.  x  cof. 


cof.  <p 

x  -f-  <p 


tin  u) 

$  —  X 


cof.  P> 


X 


u 


ferd. 


M",  and 


N  =  M.  ^fin  x  (fin  X  — fin  (p)  — ^  -j-  cotang.  *' 

N;  =  M.  — fin  <p  (fin  x  -(-  fin  <P)  |  -f  cotang,  ft  M*, 

we  filial  1  have  *=*'+  M  5  +  N  32,  and  /3  =  j8'-M  l  +  N'J*. 

Example.  Let  a  zz  3496740,  bzz  3477210,  X  — 49°  40', 
<h  —  .50°  O',  and  w  — 30'.  (See  the  Account  ojrtlic  Trigonome¬ 
trical  Survey,  Sfc.  Pol.  1,  Page  Io8L  Then  the  two  colati¬ 
tudes,  and  the  included  angle  30',  will  give  the  fpherical  angles 
vJ ,  p',  43°  5\'  48'', 3,  and  1  35°  45'  16",  2  refpeflively.  The 
remaining  part  ol  the  calculation  is  as  fellows: 

'  •  .  '  •  ‘  2  fin 


t!  < 
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Q,  fin  -  Log.  9.9S242  -  Sin  A  (fin  A-j-fin  $)  —  \  0.665036 
Cof.  A  -  -  Log.  9.81 106  -  -  Cotang.  «\  M  -  -  -  0.432644 

Cof.  Log.  9.80967  -  -  Cotang.  ft.  M  -  -  -  0.426905 

Sec.  Q  -  -  Log.  0.19193 

.  -  Log.  1.30103  N  -  Log.  9.65937 -N' Log. 9.65937 

w  cour.  -  Log.  8.52288  206264',8  -  Log.  5.31443 

- —  -  Log.  5.49408 

M  -  -  —  Log.  9.61889  - : - 

206264",8  Log.  5.31443  M''$a  -  Log.  0.467 83 -2", 937 

3 . Log.  7.747  04 

M"$  -  -  -  Log.  2.68036  -  47 9",025 

+2  ,937 

48  1  ■ ", 9 62  —  8'  1  "',9 62lZ«— a'zz^— £. 


Therefore  «: r43°  59'  50",262,  and  fizz  135y  37'  14v,238. 

Mr.  Dalby  makes  cc  ~  43  59  51  ,  55,  and/3zzl35  37  12  ,  95. 

I  have  already  remarked,  that  the  fum  of  the  horizontal  To  afcertaln  the 
angles  on  the  fphere  and  fpheroid  are  very  nearly  equal,  and  J^e  the^r^rrT; 
that  they  would  be  perfectly  fo,  if  we  were  permitted  to  reject  that  the  fum  of 
the  terms  of  the  formulae  involving  the  powers  of  §  higher  than  leS 

the  tiilf.  We  (hall  now,  by  retaining  the  fquare  ot  afcertain  and  fpheroid  are 
the  probable  error  of  this  theorem.  near!)  equal. 

We  have  then  by  the  formulae,  a  -f-  6— -Jr (N  +  N/)^2>. 

f  fin  (c6/4-/3/)  M  I 

Now  N  +  N'is  equal  to  M  j  fin  A1  — fin  $--j — ^r-y— ^  | 

2  fin  ^  . 


~  M  (fin  A  —  fi 


nf>).|finA  — 


fin  <f> 


fin  u 


but  in 


all  the  cafes  that  occur  in  pra&ice,  A  and  are  nearly  equal, 
and  the  fum  of  «/,  fP  differs  little  from  turn  right  angles,  where- 

,  f.  n  a  u  r  n  a 

fore  the  fin  —  fin  <£*,  and  - 7-- — mutt  be  (mail,  and 

iiu  cc  lin  p 

r 

the  fum  of  thefe  is  not  only  to  be  multiplied  by  M,  w'hich  is 


alfo  fmall,  but  by  $2,  which  is  about 


1 


90000 


So  that  (N  -j- 


N')  o2  is  infenfible,  and  therefore  a  -f  £  z:  «'  -j- 
•  When  9  is  nearly  equal  to  the  formula  may  be  confider- 

ably 


\ 
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It  )*  almoft  ri¬ 
gorously  exaft. 


Determination 
of  the  eccentri¬ 
city  at  place  of 

obf. 


ably  fimplified.  For  then  Mzz2  fin  a/2  cof.  X  x  - — 7-,  ana 

U) 

N  m  M  (2  fin  x2  —  i)  +  cotang.  oJ  M2  ;  and  if  a  zz  90°  fer£, 
M  is  zz  2  cof.  X  ~ -  and  N~M  (2  fin  X2  —  {). 

v  '  . 


The  particular  fiates  of  the  data,  when  the  term  involving 
the  fecond  power  of  «  is  rigoroufly  equal  to  nothing,  may  be 
thus  determined : 

In  the  firfi  place,  if  $z ~o,  or  the  eccentricity  of  the  fphe- 
roid  be  infinitely  fmall,  a,  a',  and  @f  are  exactly  equal  to 
each  other. 

Secondly,  when  M  zz  o,  N  is  zz  o,  but  M  is  zz  o  when 
<?  ~  x,  or  the  fine  a'zz  o,  that  is  when  the  triangle  is  ifofceles, 
or  the  diredtions  of  the  places  due  north  or  fouth  of  each  other. 

It  appears  then  that  this  property  of  fpheroidal  triangles,  firfi: 
advanced  by  Mr.  Dalby,  andobjedted  to  by  Mr.  Playfair,  isalmofi 
rigoroutly  exadt ;  and  it  might  eafily  be  (hewn,  that  its  appli¬ 
cation  will  never  occafion  any  material  error,  even  in  the  moft 
unfavourable  cafe  that  can  be  propofed.  And  it  is  not  merely 
an  elegant  and  curious  theorem,  but  is  highly  valuable,  as  af¬ 
fording  a  method  of  determining  the  longitudes  of  places  from  * 
terrefirial  mealurements,  almofi  independent  of  all  hypothefis. 
For  whether  the  earth  be  an  exadt  ellipfoid  or  not,  any  fmall 
portion  of  its  furlace  may  certainly,  without  error,  be  con¬ 
sidered  as  pertaining  to  one  of  fmall  eccentricity,  which 
fuppofition  is  all  that  is  necefiary  for  demonfirating  the 
theorem. 

Our  folution  alfo  affords  an  eafy  method  of  determining  the 
eccentricity  at  the  place  of  observation.  For  if  we  have  the 
latitudes  and  difference  of  longitude  given,  we  fiiall  alfo  have 
the  horizontal  angles  on  the  fphere.  But  from  oblervations  of 
the  pole  fiar,  we  may  find  the  horizontal  angles  on  the  fpheroid, 
and  confequently  the  difference  between  them  ;  but  this  differ¬ 
ence  is  equal  to  a  certain  fundfion  of  0  in  pur  folution,  whence 
we  fiiall  have  an  equation,  from  which  o  may  be  determined. 
Thus  if  a.  be  the  obferved  horizontal  angle  on  the  fpheroid,  and 
a!  the  computed  one  on  the  fphere,  we  have  M  ^  -f-  N  5*  ZZ 
a  —  a/.  Now  if  we  rejedt  the  term  N  32  as  infenfible,  we  ob¬ 


tain  a  near  value  of 


a,  —  aJ 


which  fuLfiituled  for  l  in 
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M  +  S,  gives  $  zz 


a 


a 


M  + 


a 


—  very  nearly.  Here  a  queftion 

a/  J 


M 


naturally  arifes ;  viz.  To  determine  the  value  of  «■  fuch  that 
S  may  be  obtained  in  this  manner  with  the  higheft  degree  of 
accuracy,  of  which  the  method  is  fufceptible. 

This  will  evidently  be  the  cafe  when  M  is  about  its  maximum, 
value.  So  that  if  we  put  the  differential  of  M  uo,  and  fubfti- 
tute  the  value  of  the  differential  of  o'  refulting  from  the  proper¬ 
ties  of  the  fpherical  triangle  in  this  equation,  we  fhall  have  the 
required  value  of  the  horizontal  angle.  Let  us  fuppofe  A  and 

a»  given,  and  there  will  refult  fin  ct!%  x  - 


cof. 


a  maxi* 


mum;  whence  2  cotang,  of  cof.  (fin  (p —  fin  A)  d&'-f*  (1  * — 

fin  A  fin  <£)  x  d<P~o.  But  by  fpherics, 

.  cof.  A  tang.  <£>  — fin  A  cof.  w 
CJotang,  oJ  ZZL - 


and  d  aJ —  — 


fin  u 

fin  a."2,  cof.  A 


cof.  <P 1  fin  u 


X  d$;  wherefore  by  fubftitution. 


?  fin  oJ  cof.  a/; 


cof.  <p  ( 1  —  fin  A  fin  <P) 
cof.  A 


X 


fin  a? 


tin  Q  —  fin  A 


/Ifo  when  u  and  <p  —  A  are  fmall,  the  fin  w 


tang.  ce. 
cof.  Q 


^  fin  ($  —  A)  2  fin  A  X  cof.  <p  fin  ~  w2  | ,  and  fin  <p —  fin  A 


rz  2  cof. 


?  +  A  <P  —  A 
- X  fin - 

2  2 


;  confequently  2  cof.  Z= 


(1  —  fin  ^  fin  a)  fin  (Q  —  A)  -j-  2  fin  A  cof.  ty  fin  f  w2 

X  " 


2  cof.  A  cof. 


'•  C-?) 


2  fi 


■(*?) 


and  2  cof.  a/2  zg  1  if  we  fuppofe  $  ZZ  A  nearly,  and  fin  •§  uz 
very  fmall. 

When  the  horizontal  angle  vJ ,  therefore,  is  equal  to  45°  or 
13o°,  the  obfervations  will  be  nearly  in  their  moft  favourable 
fiate  for  determining  the  comprefiion  by  means  of  our  theorem. 
We  might  illuftrate  this  method  by  examples  taken  from  the 
trigonometrical  furvey  of  Great  Britain,  but  on  reference  to 
it  I  have  found  fewer  complete  fets  of  obfervations  than  might 
be  expected,  and  fuch  as  are  complete  in  every  refpe£t,  are 
not  well  calculated  for  this  purpofe,  the  horizontal  angles  be- 
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ing  nearly  right  ones.  The  obfervations  at  Beachy  Head  and 
Dunnofe  give  T~s-iT  for  the  compreffion  ;  but  it  muft  be  re- 
marked,  that  the  Hate  of  the  data  is  very  unfavourable  in  this 
example. 

The  rules  which  our  folution  gives  for  computing  the  hori¬ 
zontal  angles  from  the  latitudes  and  difference  of  longitude, 
will  be  found,  I  apprehend,  much  fhorter  than  Mr.  Dalby’s, 
befides  the  advantage  they  poffefs  of  affording  us  the  means  of 
afeertaining  the  figure  of  the  earth  by  a  very  fimple  proeels, 
from  obfervations  made  with  the  fame  indruments  and  by  the 
fame  obfervers. 

i 

The  theorems  we  have  been  detailing,  with  fome  others 
which  may  perhaps  form  the  fubjetl  of  another  letter,  would 
give  us  the  relative  pc  fition  of  one  place  to  another  on  the  lur- 
face  of  the  earth,  were  its  figure  an  ellipfoid  of  known  dimen- 
fions;  but  as  this  is  Hill  confidered  as  problematical,  the  me¬ 
thod  adopted  by  the  gentlemen  who  have  fo  ably  conducted 
the  furvey  of  our  ifland,  is  certainly  preferable.  They  firffc 
obtain  the  length  of  a  degree  upon  the  meridian,  and  its  per¬ 
pendicular  in  a  given  latitude,  and  employ  thefe  data  for  com¬ 
puting  the  geographical  fituations  of  all  the  places  near  that 
parallel,  and  not  far  diflant  from  a  known  meridian.  In  the 
fmaller  triangles  the  truth  may  be  thus  obtained  to  the  fraction 
of  a  fecond,  and  in  the  larger  ones  they  have  very  fuccefsfully 
employed  the  beautiful  property  of  fpheroklal  triangles,  which 
we  have  Id  often. mentioned. 

But  though  we  give  the  preference  to  their  method  of  com-*' 
putation,  I  conceive  the  preceding  rules  will  be  found  equally 
accurate,  if  we  make  ufe  of  the  values  of  c,  a,  and  3  deduced 
from  their  obfervations  ;  or  if  we  aflume  near  values  of  them, 
and  note  the  agreement  or  difagreement  of  the  computations 
with  obfervations  made  at  a  place  confiderably  didant  from  the 
fir fl  ftation.  We  may  thus  afeertain  nearly  the  error  of  our 
fuppofitions,  and  then  correct  the  intermediate  ftations.  This 
cautious  method  of  proceeding  is  rendered  neceflary  by  the 
anomalies  which  have  been  dilcovered  in  the  mea fares  of  de¬ 
grees  in  different  latitudes,  as  well  as  by  the  general  rule, 
which  ought  to  be  our  guide  in  all  philofophical  inquiries,  to 
frame  as  few  hypotheses  as  pollible,  but  to  make  accurate  ex¬ 
periments,  and  infer  the  truth  from  them  by  fair  and  genuine 
induction. 


I  mean 
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1  mean  not,  however,  to  fupport  the  opinion,  that  the  earth  The  ea’.rh  p  o- 
is  not  an  ellipfoid ;  but,  on  the  contrary,  fhould  be  very  loth  f0-[d . 
to  be  obliged  to  give  up  an  hypothecs,  which  is  fo  beautiful  in 
theory,  and  has  flood  its  ground  fojong.  Many  of  our  objec¬ 
tions  to  it  may  very  probably  arife  from  errors  in  observations, 
or  from  other  caufes  which  have  not  yet  been  fully  examined. 

The  remarks  of  Mr.  Playfair  on  this  fubjedt  are  very  ingenious, 
and  I  hope  will  be  confirmed  by  the  phenomena:  but  if  not, 

I  am  convinced  we  have  not  the  plea  of  inaccuracy  to  fet  up 
in  this  inflance.  One  of  the  flrongefl  objections,  however, 
has  been  lately  done  away.  The, degree  of  the  earth  meafured  particularly 
in  Lapland  in  the  year  1736,  has  been  found,  by  tome  bwedith0f  t^e  Lapjanc| 
gentlemen  fent  there  for  that  purpofe,  to  err  in  excefs  by  no  degree  removes 
lefs  than  203  toifes.  Now  if  we  advert  to  the  number  and  Zubts°enLr- 
sharadter  of  the  aflronomers  who  originally  meafured  this  de-tained  on  this 
gree,  it  will  be  difficult  for  us  to  fet  limits  to  the  errors  of^'^**''’ 
other  obfervers.  Perhaps  the  anomaly  in  the  degree  at  the 
Cape  of  Good  Hope  arifes  from  the  fame  caufe. 

Fortunately,  however,  the  great  improvements,  which  have  Late  improve- 
J  .  °  r  n  -it/-  nrc-nts  will  clear 

fince  been  made  in  the  inflruments  .for  alifonomical  obterva-  ^  marter, 

tions  and  geodaetical  menfuration,  afford  us  the  means  of  bring¬ 
ing  the  probable  errors  of  oblervation  within  very  narrow  limits. 

We  may  thus  obtain  a  number  of  meafures  in  different  latitudes 
of  equal  accuracy,  and  by  comparing  them  together,  fhe 
queftion  about  the  earth's  figure  may  be  put  beyond  a  doubt. 

If  this  comparifon  (ball  be  found  to  give  different  ellipfes,  we 
fhall  then  be  fully  warranted  in  rejediing  the  hypothefis  en¬ 
tirely  and  for  ever.  But  till  this  is  done,  we  may  be  allowed 
to  adopt  an  hypothefis,  which  is  fo  limple,  fo  good  in  theory, 
and  fupported  by  fo  many  flrong  arguments  and  accurate  ob- 
fervations. 

We  have  already  remarked,  that  the  degree  lately  meafured  Mean  compref- 
in  the  Myfore,  compared  with  that  in  F ranee  and  Jbngland, furement. 
gives  for  the  compreffion  at  the  poles :  the  corrected  de¬ 
gree  in  Lapland  gives  y^-y,  and  that  meafured  in  Peru,  T~. 

There  is  a  contiderable  difference  between  the  compreffions 
deduced  from  other  meafures,  but  the  mean  falls  between 
thefe  limits.  From  the  beft  obfervations  of  the  length  of  the  and  from  the 
pendulum  that  fwings  feconds  in  different  latitudes,  the  fame  Pendulum i 
conclufion  is  alfo  drawn  ;  the  fecond  pendulum  near  the  pole 

compared 
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from  cekflial  ir 
regularities  j 


#.  g.  of  the 
moon* 


Remarks  upon 
Newton’s  difeo- 
very  and  invefti- 
gation  of  this 
fubjett. 

•  V. 


compared  with  that  at  (he  equator,  gives  for  the  com- 
pretTion.  We  may  therefore  aflame  T£y  as  being  very  nearly 
its  true  value. 

It  is  a  curious  circumflance  to  find  the  figure  of  the  earth, 
deduced  from  the  meafurement  of  lines  and  angles  on  its  fur- 
face,  confirmed  (perhaps  corrected),  by  obfervations  of  the 
Bars  and  planetary  bodies  in  the  heavens,  combined  with  the 
theory  of  univerfal  gravitation.  But  fuch  is  certainly  the  cafe. 
Among  others  may  be  mentioned  two  fmall  inequalities  in  the 
moon’s  motion,  which  the  induftry  of  modern  mathematicians 
have  unfolded.  One  of  them  was  firlt  taken  notice  of  by 
Mayer,  and  fixed  by  Mafon  at  7/y,7,  but  was  neglected  by 
aflronomers,  as  it  did  not  fufficiently  appear  that  fuch  an  equa¬ 
tion  (liould  arife  from  the  theory,  till  Laplace  traced  it  to  the 
oblatenefs  of  the  earth’s  figure.  Its  argument  is  the  longitude 
of  the  moon’s  node,  and  its  value  has  been  found  by  Burg, 
from  the  obfervations  of  Dr.  Mufkelyne,  to  be  equal  to  6",8, 
which  anfwers  to  a  compreffion  of  There  is  alfo  an¬ 

other  inequality  of  the  moon’s  motion  in  latitude,  which  de¬ 
pends  on  the  fine  of  the  true  longitude,  and  refults  from  a 
nutation  in  the  lunar  orbit,  produced  by  the  adion  of  the  ter- 
reflrial  fpheroid.  Burg  has  alfo  determined  the  coefficient  of 
this  inequality,  from  a  great  number  of  obfervations,  to  be 
equal  to  S^O,  which  refults  from  a  compreflion  of  y-oy,y 

The  preceflion  of  the  equinoxes,  and  the  nutation  of  the 
earth’s  axis,  were  difeovered  by  New  ton  to  arife  from  the  ob¬ 
latenefs  of  the  earth’s  figure.  This  famous  problem  is  acknow¬ 
ledged  to  be  one  of  the  moft  abftrufe  in  pbyfical  aflronomy, 
and  jts  complete  folution  requires  the  utmoft  refources  of  the 
modern  analyfis.  The  compreflion  thence  arifing  is  equal  to 
To  +  »  agreeing  exadly  with  the  refults  from  the  tw'o  lunar  in¬ 
equalities,  the  lengths  of  the  fecond  pendulum,  and  the  beft 
meafurements  on  the  earth’s  furface.  It  is  well  known  that 
Newton  failed  in  attempting  to  folve  this  problem,  and  fame 
French  mathematicians  have  been  difpofed  to  pride  themfelves 
on  being  the  firfl  to  deled  it.  It  ought  however  to  be  remem¬ 
bered,  for  the  honour  of  that  great  man,  that  his  miflake  did 
not  arife  from  any  error  in  principle,  but  from  his  taking  for 
granted,  without  demonflration,  a  circumflance  which  ap¬ 
pears  highly  probable,  but  is  really  erroneous.  He  feems  to 

*  have 
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have  fird  made  this  affiumption  in  order  to  fhorten  his  folulion, 
and  on  finding  the  calculations  to  agree  with  observation,  to 
have  never  after  returned  to  the  Subject.  The  mathematicians 
of  his  time  were  unwilling  or  unable  to  follow  him,  and  the 
quedion  remained  as  it  came  from  his  hands,  till  the  middle  of 
the  lad  century.  Had  doubts  arifen  and  objedt ions  been  dart¬ 
ed,  the  genius  of  Newton  might  have  been  once  more  roufed  to 
adtion,  and  continued  to  enlighten  the  fciences  to  the  lad. 
But  unfortunately  no  fuch  incentive  was  given,  and  Newton 
flopped  fhort  in  the  career  of  his  glory.  The  evening  of  his 
life  was  devoted  to  other  dudies;  but  however  ufefully  he  may 
have  been  employed,  there  are  few  who  will  not  be  inclined 
to  lament  that  he  ever  laboured  in  the  Mint  or  the  Reve¬ 
lations. 

Thus  much  I  have  thought  it  not  entirely  foreign  to  obferve 
on  one  of  the  mod  remarkable  effects  of  the  oblatenefs  of  the 
earth’s  figure,  and  in  judice  to  its  immoHal  difcoverer,  the 
inventor  of  the  modern  analyfis,  the  father  of  phyfical  adro- 
nomy,  and  the  preceptor  of  Europe. 

I  am.  Sir, 

Your  mod  obedient  fervant, 

PortfmoutK  .  PEREGRINUS  PROTEUS* 

May  6,  1  SOT 

«.  - 

* 

CorreRions  to  be  made  in  thejirjl  Letter . 

f  In  page  12,  line  20,  after  payer  infert  but .  In  page  15, 

>  c  ' 

line  23,  & c.  divide  the  coefficient  of  the  term  —  by  cof.  A  cof.  £ ; 

a 

alfo  in  page  16,  lines  3  and  12.  In  page  16,  line  9,  dele  and 
cof.  X  cof.  §' ;  and  alio  in  line  14.  In  page  17,  line  6,  &c, 
for  cof.  w  read  fin  w.  In  page  IS,  line  25,  for  Pc,  Qc*  Rc, 

read  P.~ ,  Q— ,  R— . 

«  a  « 
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New  ftriking 
part  for  a  clock. 


IV. 

Defcription  of  aftriking  Part  for  a  Clock,  in  which  the  Intervals 
between  Stroke  and  Stroke  are  not  regulated  by  a  Fly ,  but  by  a 
Pendulum .  By  Mr.  Edward  Massey.* 

SIR, 

HEAVING  for  a  number  of  years  confidered  that  a  method 
of  ftriking  a  clock,  at  certain  regular  intervals,  might  be  of 
great  fervice  in  making  obfervations  on  the  heavens,  andalcer- 
taining  the  velocity  of  found,  §c.  I  beg  leave  to  lay  before  the 
Society  for  the  Encouragement  of  Arts,  fyc.  a  ftriking  part  ot 
an  eight-day  clock,  which  I  have  no  doubt  will  anfwer  the  pur- 
pofe  intended  ;  and  if,  upon  examination,  the  Society  thould  be 
of  opinion  that  it  may  be  ufeful,  I  truft  they  will  reward  it 
according  to  its  merit.  They  will  find  that  the  work  of  this 
model  is  lefs  than  that  of  the  common  ftriking  movements,  and 
may  be  made  by  a  common  workman,  with  lefs  expence  and 
trouble;  the  weight  required  is  alfo  confiderably  lefs.  The 
principle  I  ad  upon  is  the  pendulum,  by  which  I  regulate  the 
Broke,  inflead  of  the  fly ;  the  advantage  of  which  muft  be 
obvious  to  every  one.  The  machine  confifts  of  a  toothed  wheel 

A,  one  pinion  B,  a  pin  wheel  C,  pallets  D  D,  pendulum  E, 
and  locking  detent  G.  The  hammer-work  F  is  as  ufual,  and 
ftrikes  on  the  bell  at  H.  The  weight  hangs  to  the  cord  I.  See 
Plate  XII.  Fig .  1  and  2,  where  a  front  and  fide  view’  of  the 
machinery  are  given,  and  where  fimilar  letters  denote  the  lame 
parts  in  each  view. 

Defcriplion  of  the  Machinery. 

I  confider  it  is  only  neceflary  for  me  to  give  the  defeription 
of  the  wheels,  lb  as  to  be  a  diredion  to  a  mechanic,  who  withes 
to  manufadure  clocks  on  this  principle.  The  main-wheel  A, 
with  feventy-eight  teeth,  is  to  ad  in  a  pinion  of  eight  leaves, 

B.  The  pin  wheel  C  thould  be  large,  fo  that  the  pins  on  which 
the  pallets  D  and  the  locking  G  ad,  may  be  flung  as  far  Irom 
the  center  as  poffible,  which  pins  may  be  eight  or  lixteen  in 

*  From  the  Tranfadions  of  the  Society  of  Arts,  1803.  This 
invention  was  honoured  with  a  reward  of  20  guineas. 
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tiumber.  If  eight,  the  pendulum  E  fhould  be  about  nine  inches  ^Tew  driking 

long,  and  it  will  vibrate  twice  betwixt  each  blow  of  the  ham-  part  ^°r  a  cloc^* 

mer;  but  if  fifteen  pins  are  put  in  the  wheel,  the  pendulum 

muff  be  about  three  inches  long,  and  will  make  four  vibrations 

betwixt  each  blow.  The  pins  for  drawing  the  hammer  mud 

be  eight  in  number,  and  be  fixed  in  a  circle  of  about  half  the 

diameter  of  the  aforefaid  pins.  The  locking-plate  is  on  the 

main  wheel.  The  flop  is  againd  the  pins  on  which  the  pallets 

ad,  and  may  be  difcharged  by  a  flirt  piece. 

As  I  have  defcribed  the  model,  I  beg  leave  to  point  out  the 
method  of  driking  a  clock  by  the  common  pendulum,  true  fe~ 
conds,  without  any  additional  pendulum  or  pallets  for  the 
driking  part. 

Defcription . 

Fix  a  cantrite  wheel  with  fixty  teeth  on  the  fame  arbor  with 
a  fwing  wheel  of  thirty  teeth.  Now  fuppofe  a  driking  part  to 
be  made  in  the  common  way  of  making  an  eight-da)  clock,  fo 
far  as  the  pallet  pinion,  leaving  out  the  warning  and  fly  pinions. 

A  crank  piece  mud  be  fixed  on  the  pallet  pinion,  which  mud 
come  into  contad  with  the  cantrite  wheel,  which  is  fixed  on 
the  fwing  wheel  arbor.  Then  fuppofe  the  clock  to  be  fei 
a  going,  and  the  rack  difcharged,  the  pallet  pinion  will  make 
a  revolution  on  every  vibration  of  the  pendulum,  by  wThich 
means  a  clock  will  ftrike  feconds  as  true  as  a  pendulum  vi¬ 
brates,  which  I  hope  will  be  conddered  as  ufeful  for  the  pur« 
pofes  I  have  defcribed.  I  alfo  beg  leave  to  obferve,  that  a 
great  advantage  arifes  in  both  the  above  machines,  from  their 
not  being  liable  to  foul,  as  the  droke  is  given  by  the  certain 
and  regular  vibration,  indead  of  the  uncertain  motion  of  the 
fly.  Its  advantage  likewife  depends  on  the  cleannefs  of  the 
work  ;  and  church  clocks  will  be  much  benefited  from  the  de« 
creafe  of  w’eight. 

1  am,  Sir, 

Your  mod  obedient  fervant, 

EDWARD  MASSEY, 

Charles  Taylor,  Efq. 

Hanley ,  in  Stajfordjhire, 

Jan.  12,  1S03. 
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Preliminary  ob- 
fervations. 


V. 

Description  of  a  very  Jlmplc  Telegraph ,  confijling  of  the  Human 

Figure  adapted  to  converje  at  a  Difiance  by  means  of  Signs  *. 

A.MONG  Ihe  great  advantages  of  which  thofe  who  do  not 
enjoy  light  are  deprived,  we  may  reckon  telegraphy,  which 
it  w'ould  be  difficult  to  fupply  by  another  fenfe*  Such  an  art 
for  the  ufe  of  the  blind  would  doubtlefs  be  very  imperfect.  On 
the  contrary,  the  advantages  which  it  affords  to  thofe  who  en¬ 
joy  Iight,appear  to  me  to  be  fo  important,  that  it  ought  to  be  ren¬ 
dered  more  general,  and  brought  within  the  reach  of  all  men. 
For  this  purpofe  I  have  offered  fome  notions  on  the  fubjedl.  I 
do  not  pretend  either  to  be  the  firft,  or  the  only  one  who  has 
entertained  them:  I  even  believe  the  contrary ;  and,  in  this 
inftance,  they  will  have  that  in  common  with  telegraphy  in 
general,  which,  though  new  in  its  execution,  wras  not  fo  in  its 
invention  f . 

4 

*  From  a  fmall  pamphlet  in  French,  extracted  from  Memoir eS 
fur  les  Anjeugles ,  See. 

f  It  is  not  extraordinary  that  the  fame  invention  fhould  have 
been  thought  of  by  feveral  perfons.  Thus  the  notion  of  telegraphy 
may  be  found  in  the  preface  to  one  of  the  German  works  of  the  ce¬ 
lebrated  Chr.  Louis  Hoffman,  a  native  of  Rheda,  and  phyfician  to 
the  Elector  of  Mentz,  which,  however,  docs  not  leffen  the  merit  of 
the  French  inventor.  A  defeription  of  the  telegraph  invented  and 
executed  by  Citizen  Chappe,  is  found  in  the  interefting  work  of 
Mr.  Meyer,  intituled,  Fragmente  aus  Paris,  tm.  IF  ten  Jahr  der 
Franzceficben  Republik  ;  Hamburg,  1797.  The  author,  who  was  in 
the  telegraph  office  at  the  Louvre  with  Cit.  Chappe,  affirms,  that  the 
latter  had  made  his  difeovery  before  the  revolution,  that  he  commu¬ 
nicated  it  to  the  National  Affembly  in  1792,  and  that  the  Conven¬ 
tion,  on  the  report  of  Lakanal,  decreed,  July  25,  1793,  the  efla- 
blifhment  of  a  telegraphic  correfpondence,  under  the  dire&ion  of 
Citizen  Chappe,  as  telegraphic  engineer.  A  notion  may  be  formed 
of  the  rapidity  of  the  telegraphic  correfpondence,  by  the  following 
example,  of  which  Mr.  Meyer  was  a  witnefs.  He  fays,  that 
during  his  prefence  in  the  office  at  the  Louvre,  and  at  the  appointed 
hour  in  the  evening,  enquiry  was  made  of  the  office  at  Lille,  by  a 
fingle  fignal ,  if  any  thing  new  had  happened  in  the  army  of  the 
north,  and  the  anfwer,  no,  was  received  in  88  feconds. 
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‘  Perfuaded  of  the  importance  of  communicating  our  ideas  at 
difiances  too  great  for  the  voice  or  hearing,  I  have  employed 
myfelf  in  enquiries  for  a  telegraph  which  fhould  be  at  once 
cheap  and  fufficiently  perfect  to  be  eafily  u(ed.  1  believe  I 
have  difcovered  it  ;  nature  herfelf  has  given  it  to  all  the  world. 

This  telegraph  is  the  human  body,  its  brandies  are  the  arms.  Natural  tele- 
which,  with  each  other  and  with  the  perpendicular  line  of  the 
trunk,  may  form  a  great  number  of  figures,  fufficiently  difiinCt 
to  be  readil)  feen,  at  confiderable  difiances,  by  fimple  vifion 
or  by  the  affifiance  of  a  telefcope.  It  would  certainly  be  very 
agreeable  for  two  friends,  living  oppofite  to  each  other  in  an 
extenfive  place  or  on  the  banks  of  a  large  river,  to  be  able  to 
converfe  together.  Gl  what  utility  might  it  be  to  the  inhabi¬ 
tants  of  open  countries  to  have  a  method  of  communication 
which  is  at  once  fpeedy  and  requires  no  expence  I 

I  hope,  therefore,  that  the  generalit)  of  readers  will  fee  with 
pleafure  that  a  method  of  communication  is  opened  to  them, 
fufceptible  of  being  varied  and  brought  to  perfection  by  them- 
felves.  In  the  annexed  Plate  X.  are  found  the  figns  for  all  the  Method  of  writ- 
charaCters  in  the  alphabet,  for  the  figures,  and  for  the  punctu-  ing  the  fl6nals* 
ation.  To  fimplify  the  writing  of  thefe  figns,  the  perpendicu¬ 
lar  and  immoveable  line,  which  reprefents  the  trunk  of  the 
body, -may  be  omitted,  as  I  have  done,  only  indicating  it  in 
fome  figns  or  characters  by  a  point,  as  in  the  e  and«;  and  to 
write  them  with  more  rapidity,  they  may  perhaps  be  joined 
in  the  manner  of  friort-hand  writers. 

Three  different  positions  of  the  right  arm,  and  as  many  of  Telegraphic 
the  other,  form  the  figns  for  the  vowels.  The  right  arm  hu' 

firetched  out,  and  a  little  raifed,  forming  an  angle  of  about 
4 5°  with  the  line  of  the  trunk,  gives  the  fign  which  exprefies 
a ;  the  fame  arm  extended  and  more  elevated,  or  horizontal, 
forming  a  right  angle  with  the  trunk,  gives  e ;  more  elevated, 
and  forming  an  obtufe  angle  of  about  135°,  it  furnifhes  i.  The 
left  arm  extended,  and  forming  an  angle  of  about  45°  with 
the  trunk,  gives  us  the  fign  foro;  more  elevated,  or  hori¬ 
zontal,  it  fignifies  u;  fiill  more  elevated,  and  forming  an  angle 
of  about  135°,  it  gives  y. 

It  may  be  obferved,  were  it  only  to  affift  the  memory,  that 
a  and  o,  whofe  founds  have  fome  refemblance  in  feveral  words, 
are  indicated  by  the  fame  fign,  and  likewife  i  and  y,  which 
in  the  French  language  often  exprefs  but  a  fingle  found  ;  with 
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Telegraphic 
figns  by  the  hu¬ 
man  figure. 


(his  difference,  however,  that  the  figns  for  a  and  i  are  formed 
by  the  right  arm,  and  thole  for  o  and  y  by  the  left  arm.  The 
two  other  vowels,  e  and  u,  are  likewife  indicated  by  the  fame 
fign,  but  with  the  fame  difference. 

To  form  b,  both  arms  defcribe  an  angle  of  45°.  To  form 
c  and  d,  the  right  arm  is  kept  in  the  fame  pofition,  and  the 
left  arm  is  raifed  to  the  height  of  90Q  for  the  fir  ft,  and  of  135® 


for  the  latter. 

To  form  the  letters  /,  g,  and  h,  the  right  arm  is  extended 
horizontally,  and  the  three  different  angles  of  45°,  90°,  and 
135°,  are  formed  with  the  left  arm. 

To  exprefs  j,  k  or  q,  and  l,  the  right  arm  is  raifed  to  the 
height  of  1:35°,  and  the  fame  pofitions  are  repeated  with  the 
left  arm  as  were  employed  for  the  fix  preceding  confonants. 

To  form  m ,  the  upper  part  of  the  right  arm  is  placed  in  a 
horizontal  line,  and  the  form-arm  is  raifed  at  the  fame  time, 
fo  as  to  form  a  right  angle  with  this  part.  1  o  defignate 
the  left  arm  is  placed  in  the  fame  polition.  1  o  form  />,  both 
arms  defcribe  the  preceding  figure  at  the  fame  time. 

To  exprefs  the  letters  r,  s,  t,  the  upper  part  of  the  right  arm 
is  placed  in  an  horizontal  line,  and  aright  angle  is  formed  with 
the  fore-arm,  while  the  extended  left  arm  fucceffively  de- 
fcribes  the  three  different  angles  of  45°,  90°,  and  135°. 

For  v,  x ,  and  2,  the  fame  is  done  with  the  left  arm  as  was 
done,  for  the  three  former  letters,  by  the  right,  which  then 
forms  the  three  angles  ot  45°,  90°,  and  135°. 

If  it  is  intended  to  (hew  that  a  telegraphic  fignal  is  termi¬ 
nated,  the  two  arms  are  withdrawn,  fo  as  to  form  but  one  line 
with  the  reft  of  the  body. 

The  right  arm  put  at  reft,  fo  that  the  hand  is  fupported  by 
the  hip,  indicates  the  termination  of  a  word. 

The  left  hand  placed  in  the  fame  pofition,  is  the  fign  of  a 
comma,  (,). 

The  two  arms  put  in  this  pofition,  fignify  a  point  and  a 
comma,  (;). 

By  putting  the  right  arm  into  this  pofition,  and  at  the  fame 
time  making  the  fign  of  n  with  the  left  hand,  two  points  are 
indicated,  (:). 

B>  refting  the  left  arm  on  the  hip,  and  making  the  fign  of  n 
with  the  right  arm,  a  point  is  indicated,  (.). 

.By 
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By  holding  the  right  arm  in  fuch  a  pofition  that  the  hand  Telegraphic 
{hall  be  above  the  head,  or  touch  it,  the  point  of  interrogation  figure! 
is  made,  (?). 

The  fame  motion  performed  with  the  left  arm,  furniffies  a 
fign  for  the  point  of  admiration,  (!), 

The  three  figns  of  the  termination  of  a  word,  of  a  comma, 
and  of  the  point  of  interrogation,  each  combined  with  the 
three  different  angles  made  with  the  other  arm,  form  the  nine 
figures. 

By  putting  the  right  arm  at  reft  on  the  hip,  and  forming  the 
three  angles  of  45°,  90°,  and  1 35°,  with  the  extended  left  arm, 
the  figns  are  given  for  the  figures  1,  2,  and  3. 

By  refting  the  left  arm  on  the  hip,  and  making  the  fame 
three  angles  with  the  right  arm,  the  figures  4,  5,  and  6,  are 
formed. 

By  bringing  the  right  arm  to  the  fign  of  the  point  of  inter¬ 
rogation,  and  repeating  the  three  angles  with  the  left  arm,  the 
•figures  7,  8,  and  9,  are  formed. 

To  indicate  zero,  (0),  the  two  arms  are  raifed  fo  that  the 
hands  fhall  be  above  the  head,  or  touch  it. 

To  exprefs  10 ,  the  figns  of  1  and  0  are  made  without  making 
either  the  fign  of  the  termination  of  a  word,  or  of  a  number,  or 
that  of  a  comma,  between  thefeiwo  figns.  To  exprefs  11,  the 
fign  of  1  is  twice  made,  with  the  affiftance  of  the  fign  for  the 
termination  of  a  character,  or  of  a  figure.  To  indicate  12,  the 
figns  of  1  and  2  are  made,  and  fo  on  :  10,  1 1,  and  12  may  be 
expreffed  at  pleafure,  each  by  a  fingle  fign,  by  placing  the 
left  arm  in  the  pofition  of  the  point  of  admiration,  and  by  fuc- 
ceffively  forming  with  the  right  arm  the  three  angles  of  45°, 

90°,  and  1 35g.  It  would  not  be  difficult  to  devife  a  great 
number  of  figns  to  exprefs  13,  14,  15,  and  many  other  numbers, 
each  by  a  fingle  fign. 

If  it  be  intended  to  make  ufe  of  this  natural  telegraph  at  the  Mechanical  ad- 
diftance  of  one,  or  even  of  feveral  leagues,  or  to  do  without  £reat 

telefcope  at  lets  confiderable  diftances,  it  is  only  neceflary  to 
add  to  each  natural  arm  an  artificial  one,  that  is  to  (ay,  an 
oblong  frame,  of  the  breadth  of  a  foot  or  thereabout,  and  of 
the  length  of  one  or  more  yards.  This  frame  mult  be  covered 
with  oiled  filk,  or  any  other  (luff  of  a  dark  colour,  and  muftbe 
provided  with  a  handle  to  hold  and  dire&  it.  Our  telegraph 
would  here  no  longer  be  called  natural,  but  it  is  ftiil  among 
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the  mod  fimple  of  the  artificial.  I  am  of  opinion  that  this  kind 
of  telegraph  may  be  employed  with  very  great  advantage:  it 
is  fimple  and  cheap;  it  may  be  ufed  in  all  directions,  and  is 
removed  with  cafe.  In  this  latter  point  ot  view,  it  would 
doubtlefs  be  well  calculated  for  the  formation  of  moveable  te¬ 
legraphic  lines,  or  what  might  be  called  a  flying  telegraphy, 
which  in  my  opinion  would  be  very  ufeful  in  war,  to  keep  up 
a  quick  and  condant  communication  between  the  different 
bodies,  and  with  the  fixed  and  common  telegraphic  lines.  A 
machine  of  eafy  carriage,  and  calculated  to  raife  a  man  to  a 
confiderable  height,  would,  no  doubt,  contribute  to  render 
May  be  ufed  by  the  flying  telegraphy  more  perfect.  The  telegraphs  with  the 
^;s  weli  as  frames  may  be  ufed  by  night  as  well  as  by  day,  by  adding  lan¬ 
terns  to  them,  as  in  the  common  telegraphs.  One  mufi  be 
placed  in  the  middle,  that  is  to  fay,  on  the  bread  of  the  perfon 
who  forms  the  telegraphic  fignals  with  his  arms  and  the  frames, 
one  at  the  handle,  and  one  at  the  extremity  of  each  frame.  To 
prevent  the  perfon  from  being  affe&ed  by  the  vapours  of  the 
lantern  in  the  middle,  it  fhould  be  placed  at  a  fmall  difiance 
before  him ;  and  when  the  movements  are  intended  to  be  vifible 
on  both  fides,  it  would  be  dill  better  to  place  this  lantern  on  the 
head,  or  to  put  one  on  each  fhoulder. 

Perhaps  this  kind  of  telegraph  might  be  advantageoufly  em¬ 
ployed  to  edablifli  immoveable  telegraphic  lines,  in  every  cafe 
in  which  the  telegraphs  employed  at  prefent  would  be  too  ex- 
penfive.  The  lame  telegraph  might  frequently  ferve  for  feve- 
ral  lines  in  different  dire&ions.  By  means  of  this  telegraph  a 
communication  might  be  maintained,  with  little  cod,  even  in 
fmall  didricts,  or  in  the  provinces  and  departments,  with  the 
capual  or  the  chief  place,  and  the  other  confiderable  points. 
Of  what  importance  may  it  be  to  be  able  to  indicate  indanta- 
neoufiy  conflagrations,  inundations,  or  other  events  which  re¬ 
quire  fpeedy  fuccour. 

It  would  be  well  to  p’ace  the  telegraph,  or  the  perfon  who 
makes  the  telegraphic  fignals,  on  a  kind  ol  dool,  4o  facilitate  his 
movements.  Placed  in  this  manner,  with  his  arms  and  the 
frames  he  could  make  a  prodigious  number  of  figures,  futfi- 
juently  di dinct  not  to  be  confounded  with  each  other. 
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VI. 

Account  of  a  Fall  rejpelting  Water  heated  in  a  Boiler  of  Stone; 
with  Obfervations.  By  Mr.  J.  C.  Hornblower. 

To  Mr.  NICHOLSON.  - 

Dear  Sir, 

Though  it  muft  be  admitted  by  every  one  who  has  at-  Fluids  not 

...  ,  nvnerl  Itlldtly  nOO- 

tended  to  the  critique  contained  in  your  note  on  the  expert-  condu£torSs 

ment'  of  Count  Rumford,  in  your  firft  volume  *  of  the  Philo- 
fophical  Journal,  concerning  the  non-condu&ing  power  of 
fluids  with  regard  to  heat,  that  it  is  an  erroneous  conclufion, 
and  which  feveral  experiments,  particularly  that  ot  Mr. 

Murray,  have  fince  confirmed  ;  yet  I  cannot  be  quiet  without 
informing  the  gentlemen  who  have  fo  confiantly  oppofed  the 
Count's  doflrine,  of  a  circumftance  which  accident  brought  Incident, 
forth  on  a  very  large fcale^about  forty  years  ago,  in  the  county 
of  Cornwall. 

It  had  long  been*  defideratum  in  the  mining  intereft  in  Attempt  to  «- 
that  county,  to  reduce  the  confumption  of  fuel  in  draining  the  fumpEjon  Qf  fQej 
mineS  by  the  means  of  fleam  engines  and  every  expedient  in 
that  carried  any  tolerable  face  of  probability  was  brought  to  a 

trial.  '  ,  .  _  .  .  . 

Among  the  reft  it  was  fuggefted,  that  as,  in  the  feveral  tojork^ 

operations  of  fmelting  the  produce  ot  the  mines,  much  hea.  heat< 
muff  be  carried  off,  from  the  intenfe  fires  of  the.r  furnaces, 
which  might  be  employed  to  fome  purpofes  requiring  but  a 
fubordinate  temperature  ;  a  refolution  was  formed  by  a  com¬ 
pany  ot  gentlemen,  with  Mr.  John  Wefion  at  ihe  head  of  it 
(to  whom  mining  was  an  ungovernable  hobby-hoife),  to  ered 
an  engine  on  a  copper  mine  in  the  parilh  ot  Camboine,  and  to 
put  up  a  fet  of  furnaces  fo  attached  to  the  engine  that  they 
might  avail  themfelves  of  this  fuperabundant  heat  to  raife  the 

fleam. 

To  effedi  this  they  had  their  engine-boiler  made  ot  mafonry,  A  ftone  boiler 
of  what  is  called  in  Cornwall  moor-ftone,  well  wrought  and  put 

water- 1  me,  &c. 

together  with  Aberthaw  lime,  which  has  the  property  ot  letting  heated  by  cop- 
°  per  tubes. 

*  I,  Page  291,  Quarto  Series, 
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When  the  water 
boiled,  a  cock 
near  the  bottom 
gave  water,  but 
Jactlc  heatecj. 


The  tubes  were 
near  the  furface, 
and  the  vefTel  a 
bad  conductor. 
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like  the  Dutch  trafs  * ;  and  to  convey  the  heat,  two  or  three 
copper  tubes  were  placed  in  it  from  end  to  end,  and  the  fur¬ 
naces  connected  to  one  end  of  the  boiler,  and  the  engine  at 
the  other ;  which,  though  it  was  a  prodigal  way  of  faving 
heaf,  yet  it  was  competent  enough  to  raife  deam  for  the  ufe 
of  the  engine  in  certain  cafes. 

At  the  bottom  of  the  boiler  was  placed  a  cock,  as  ufual,  to 
tap  it  as  occation  required,  either  when  it  was  neceflary  to 
clean  it,  or  in  cafe  it  thould  be  over-charged  with  water, 
which  I  think  was  the  cafe  which  brought  the  following  fa<5t  to 
light;  namely,  that  when  the  fire  had  been  lighted,  and  the 
heat  had  to  circulate  through  all  this  mafs  of  hone-work,  and 
the  water  brought  to  boil,  and  the  engine  had  been  at  work 
for  the  fird  time,  which  is  ufually  attended  with  many  unfore- 
feen  delays  and  hindrances,  the  cock  being  turned,  the  water 
was  not  hotter  than  to  admit  the  hand  without  any  painful 
fenfation  of  heat.  Many  deep  and  grave  hypolhefes  were 
formed  on  this  extraordinary  difcovery,  which,  for  the  fake  of 
the  profeffion  at  this  advanced  hate  of  fcience,  I  mull  forbear 
to  mention.  But  at  that  period  many  a  valuable  truth  had 
come  and  gone  like  a  worthlefs  mendicant,  whom  few  re¬ 
garded,  and  whom  none  would  receive. 

The  mod  driking  circumdances  in  the  detail  of  this  difco¬ 
very  are,  that  the  temperature  downward  (for  the  tubes  wrere 
near  the  furface  of  the  water)  mud  be  greatly  accelerated  by 
the  conducing  power  of  the  fides  of  the  boiler,  and  the  agita¬ 
tion  of  the  water  in  a  date  of  ebullition  :  notwithdanding  all, 
it  mud  have  occupied  four  or  five  hours  to  bring  the  lower  part 
of  the  w  ater  to  the  temperature  of  90°,  or  perhaps  100°  ;  and 
no  doubt  can  be  entertained  but  that  they  deemed  it  a  matter 
of  no  confequen'ce  as  to  the  place  of  the  tubes,  fo  long  as  they 
were  covered  with  water;  believing  with  every  body  elfe, 
that  the  whole  mafs  would  attain  the  boiling  point  at  the 
fame  time. 

Hail  the  man  who  throw's  if  but  one  grain  of  truth  into  the 
fcale  againd  popular  prejudice  or  vulgar  error;  and  nolw'ith- 
danding  the  Count  did  not  obtain  the  extreme  of  precifion  in 
this  particular  indance,  he  has  laid  the  foundation  for  all  the 
fubfequent  experiments  which  have  gone  to  confirm  or  reject 


*  This  lime  is  found  on  the  beach  on  fome  part  of  South  Wales. 
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the  pofition  he  advanced.  This  I  may  be  permitted  to  obferve, 
without  the  imputation  of  detraction  trom  thofe  whole  labours 
and  talents  demand  my  refpeCt. 

I  am.  Sir, 

Your  very  obedient  fervant, 

City  Road,  J.  C.  HORNBLOWER. 

June  1  1,  1 80  k 


VII. 

FaSls  and  Obfervations  tending  to  elucidate  the  Theory  of  GaU 
vanij'm.  By  A  Correspondent. 

The  pile  of  Volta  has  difclofed  many  new  properties  which  General  effe&j 
were  not  known  to  belong  to  the  two  powers  of  the  eleCtric 
fluid,  for  by  its  operation,  two  fets  of  chemical  phenomena 
are  produced,  differing  etfentially  from  each  other,  thereby  de¬ 
termining  the  real  or  pofitive  nature  of  each  power.  It  has 
introduced  eleCtricity  as  a  chemical  agent,  and  has  (hewn  us 
that  it  acts  as  fuch  in  its  two-fold  character  very  generally 
throughout  nature.  EleCtricity  has  hitherto  been  confidered 
moftly  as  an  adventitious  power  excited  upon  the  furfaces  of 
bodies,  it  is  now  known  to  attach  itfelf  to,  and  to  enter  into 
combination  with  various  fubftances. 

If  the  fpinal  marrow  of  a  frog  be  coated  with  tin  foil,  and 
the  mufcles  of  the  lower  extremities  be  laid  bare,  if  the  frog, 
thus  prepared  be  drawn  through  water,  at  the  bottom  of  which 
there  is  a  piece  of  filver,  when  the  tin  foil  touches  the  filver, 
the  limbs  of  the  frog  are  thrown  into  ftrong  convulfions.  If 
the  tin  foil  be  kept  Head ily  at  the  firft  place  of  contact,  the 
convulfions  foon  ceafe;  but  if  it  be  removed  to  the  fmalleft 
diflance  from  where  it  firft  touched  the  filver,  and  is  again  in 
contact  with  it,  the  convulfions  are  renewed  with  their  origi¬ 
nal  violence.  The  fame  thing  happens  when  the  filver  is  con¬ 
nected  with  the  mufcles  by  means  of  a  metal,  though  that 
metal  touch  the  mufcle  in  a  point,  as  when  the  water  aCts  as 
the  conducting  arch. 

Thefe  experiments  (hewr  that  there  is  a  power  in  each  affign- 
able  particle  ot  the  metal  w  hich  excites  the  aCtion  of  the  muf¬ 
cles,  and  that  nothing  but  the  contact  of  the  metals  feems  ne- 
celTary  for  the  production  of  the  effect. 

It 
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If  the  power  which  excites  the  motion  of  the  mufcles  be 
electricity,  it  is  in  a  date  not  to  be  conduced  from  one  parti¬ 
cle  to  another,  for  the  fame  effeCt  is  renewed  whenever  the 
tin-foil  comes  in  contaCt  with  another  part  of  the  filver,  howr- 
ever  contiguous  it  be  to  the  one  at  firtt  touched.  We  find 
farther  that  the  fuperficial  particle  does  not  take  off  the  power 
of  the  one  immediately  beneath.  * 

It  is  thus,  I  apprehend,  that  the  renewal  of  furfaces  gives 
a  permanency  to  the  powrers  of  the  pile,  and  in  proportion  to 
the  quicknefs  of  fucceffion  in  the  prefenting  new  lurfaces,  the 
power  of  the  pile  is  found  to  increafe. 

It  is  needlefs  to  explain  thefe  appearances  by  the  hypotheti¬ 
cal  principle  of  Mr.  Lavoifier’s  oxygen,  fince  Mr.  Volta  has 
fliewn  that  the  metals  themfelves  are  eleCtro-motors,  even  with¬ 
out  the  intervention  of  water,  or  the  aCtion  of  acids  or  alkalis. 
Taking  it  for  granted  then  that  the  animal  mufcles  are  a  fpe- 
cies  of  electrometer,  we  may  conclude  that  fume  difturbance 
of  eleCtricity  takes  place  when  two  metals  are  brought  ;n  con¬ 
tact,  and  a  circuit  is  made.  This  difturbance  varies  according 
to  the  fubfiances  employed.  Mr.  Volta  has  found  this  to  be 
the  cafe,  for  he  has  rendered  this  fmall  portion  of  electricity 
perceptible  by  accumulating  it  on  his  condenfer.  The  pile  of 
Volta  accumulates  the  power  which  is  called  forth  by  the  con¬ 
tact  of  two  metals,  and  enables  us  to  apply  it  in  fuch  accu¬ 
mulated  ftate  in  various  chemical  experiments. 

One  of  the  moft  ftriking  effeCts  is  the  difengagement  of  two 
eta  flic  aeriform  fluids  from  water,  by  introducing  wires,  from 
which  are  produced  the  two  dates  of  the  eleCtric  fluid.  Thus 
it  happens  that  the  wire  connected  with  the  zinc  produces, 
when  immerfed  in  water,  one  gas,  and  the  wire  connected 
with  the  diver  or  copper  plate  another  gas.  The  properties 
of  thefe  gafes  are  perfectly  didinCt,  and  evince  that  the  pro¬ 
ducing  powers  have  peculiar  effeCts,  for  the  water  is  common 
to  both.  What  takes  place  from  the  wires  in  water  at  the  ex¬ 
tremities  of  the  pile  is  more  or  led  apparent  between  the  plates 
themfelves,  where  wetted  paper  is  interpofed,  for  there  the 
aCtion  of  the  gafes  is  to  be  feen  in  their  effeCts  on  the  metallic 
plates.  The  effeCt  produced  by  the  pile  may  be  greatly  in- 
creafed  by  arranging  it  in  the  following  order;  diver,  wet 
paper,  zinc,  a  pl^te  of  glafs,  &c.  and  by  placing  wires  on 
each  fide  of  the  glafs,  and  putting  thole  into  water;  from  each 

pair 


ON  GALVANISM. 


173 


paif  of  wires  the  two  airs  wiil  be  produced.  Might  not  Mr.  General  efte^i 
Wilki uloii  s  experiment  of  burning  charcoal  be  in  this  manner  galyanifm5 
greatly  increafed  in  (plendour? 

In  the  profecudon  of  the  prefent  inquiry,  I  (hall  efpecially 
notice  the  two  different  etf-cts  produced  in  water  by  the  wires 
of  Volta's  pile.  It  is  known  that  thefe  two  wires  throw  out 
two  powers  fimilar  to  what  are  called  pofitive  and  negative 
eledlricity ;  and  as  water  is  common  to  both,  I  am  led  to  con¬ 
clude  that  the  two  gafes  are  produced  in  one  inftance  by  the 
union  of  one  of  thete  powers  with  water,  and  in  the  other  by 
the  other  power  and  water,  and  to  confider  each  gas  as  thus 
compounded,  becaufe  we  have  no  evidence  of  any  other 
power,  principle  or  fubftance  being  accetfory  to  the  produc¬ 
tion  of  either  of  the  gafes.  Volta’s  pile  caufes  combuftion  in 
atmofpheric  air,  and  therefore  vital  air  is  abforbed;  it  caufes 
another  fpecies  of  combuftion  in  vacuo,  becaufe  the  two  prin¬ 
ciples  of  fire  are  fupphed  by  it.  Volta’s  pde  does  not  adt  in 
vacuo,  becaufe  the  refinance  neceftary  to  accumulate  the 
powers  is  withdrawn  in  the  fame  manner  as  the  Leyden  jar 
does  not  charge  in  vacuo. 

.If  the  gas  which  is  produced  from  one  of  the  wires  com¬ 
municating  with  the  pile  in  water  be  united  and  inflamed  with 
the  other  in  a  juft  proportion,  the  water  which  is  common  to 
both  is  re-produced,  and  common  fire  is  generated  in  great 
abundance;  now  as  we  have  had  no  evidence  of  the  prefence 
of  fire  till  this  point  of  time,  does  it  not  appear  that  thefe  two 
principles  which  are  thrown  out  from  the  wires  of  the  pile,  are 
by  their  union  transformed  into  ordinary  fire,  and  does  it  not 
appear  in  this  experiment  that  ordinary  fire  is  generated  by  and 
compounded  of  thefe  two  powers? 

Lavoilier  has  triumphed  over  the  friends  of  Phlogifton.  He 
overturned  a  fyftem  which  was  built  upon  the  aftumption  of  a 
principle,  upon  a  mere  name  of  hypothetical  entity,  endued 
with  attributed  or  imaginary  properties.  But  in  the  place  of 
the  fyftem  he  cleftroyed.,  he  has  ere&ed  one  of  his  own.  Has 
he  not  built  upon  the  fame  weak  foundation  with  his  late  ad- 
verfaries  ?  Does  not  his  fyftem  reft  altogether  upon  the  aftumed 
diftin£t  exiftence  of  things,  the  diftinft  exiftence  of  which  can¬ 
not  in  any  way  be  evinced?  Do  not  all  his  folutions  of  chemi¬ 
cal  phenomena  depend  on  fuen  aftumption  ?  May  not  all  thefe 
phenomena  be  explained  with  equal  eafe,  nay  more  {imply, 
by  referring  them  to  thea&ion  of  known  agents? 
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If  we  examine  Mr.  Lavoifier’s  theory  of  combuftion,  w<! 
lhall  find  that  it  depends  upon  the  affumption  of  a  principle 
whofe  exigence  has  never  been  proved  by  direct  experiment* 
It  is  the  union  of  the  bail s  of  oxygen  gas  with  the  combuftible 
body  which  in  every  in  fiance  is  the  caufe  of  the  combuftion. 
We  have  feen  that  this  gas  is  produced  by  pofitive  eleCtricity 
and  water,  and  we  conclude  that  the  ponderable  part  of  this 
gas  is  water,  becaufe  we  can  perceive  the  agency  of  no  other 
principle  or  fubfiance.  The  fimple  condenfation  of  oxygen 
gas,  according  to  Mr.  Lavoifier,  occafions  the  evolution  of  heat 
and  light.  But  little  heat  is  excited  by  the  mechanical  conden¬ 
fation  of  thisgasj  but  we  find  that  when  a  chemical  union 
takes  place  between  a  combufiible  and  the  gas,  a  great  portion 
of  heat  and  light  is  difengaged. 

The  accenfion  of  charcoal  and  metallic  bodies  by  the  gal¬ 
vanic  battery,  even  in  vacuo,  feems  to  fiiew  that  the  electri¬ 
cities  thus  produced  are  the  peculiar  agents  in  the  phenomena 
of  conibufiion.  They  feem  not  only  to  be  the  exciters  of  com- 
bullion,  but  they  furnilh  with  water  thofe  gafes  by  which  com- 
bullion  has  been  conceived  to  be  upheld. 

The  theory  of  the  Lavoifierian  fchool,  of  the  combufiion  of 
hydrogen  gas,  in  conjunction  with  oxygen  gas,  is  as  follows  : 
“  When  both  gafes  are  mixed  at  a  lower  temperature  than  that 
of  ignition  or  red  heat,  the  attraction  of  their  refpeCtive  bafes 
to  the  caloric  is,  in  that  cafe,  fironger  than  their  attraction  to 
each  other,  and  therefore  they  are  not  decompofed.  But  in 
the  heat  of  ignition,  their  bales,  namely  concrete  oxygen  and 
hydrogen,  again  attract  each  other  more  firongly,  and  hence 
they  unite  to  produce  water;  and  both  the  caloric  and  light 
by  which  they  are  retained  in  their  aerial  lorm,  are  again  dif¬ 
engaged  from  them,  and  conflitule  the  fire.” 

Now'  where  is  the  evidence  of  the  heat  and  light  being  ne- 
eeffary  to  the  formation  of  thefe  gafes,  when  they  are  produced 
from  the  wires  connected  with  the  extremities  of  the  pile,  and' 
placed  in  water?  Alfo  during  the  oxidation  of  a  metal  in  the 
moift  way,  the  hydrogen  difeharged  is  at  fir  ft  very  hot,  fo  as 
to  heat  immoderately  the  tubes  ufed  in  collecting  it.  If  the 
condenfation  of  oxygen  gas  be  the  caufe  of  the  production  of 
heat  and  light,  how  comes  it  that  charcoal  and  nitre  deflagrate 
together  with  the  production  of  lo  much  light  and  heat,  although- 
the  compound  formed,  namely,  carbonic  acid  gas,  occupies  fo 

much 
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much  rtiore  fpace  than  the  fubdances  from  which  it  is  formed?  Genera}  effe&s 

Does  it  not  feem  an  affumption  to  fay  that  the  two  conditions 

of  oxygen  in  the  aeriform  date,  and  oxygen  in  the  folid  date, 

as  in  nitre,  fliould  hold  the  fame  quantity  precifely  of  heat  and 

light?  This  fa6t  difproves  the  opinion  that  the  produ&ion  of 

heat  and  light  is  commenfurate  with  the  condenfation  that  takes 

place  in  combudion. 

An  edablifhed  law  of  chemical  affinity  w'ould  be  reverfed, 
if  oxygen,  when  in  combination  with  another  fubdance,  were 
to  have  a  greater,  or  even  the  fame  attraction  for  the  matter  of 
heat  as  it  has  when  oxygen  is  limply  combined  with  the  matter 
of  heat. 

There  are  many  indances  of  combudion,  deflagration,  8zc. 
wherein  the  compounds  formed  feem  to  hold  moreheat  in  their 
compofltion  after  than  before  combudion.  When  gun-powdeF 
is  inflamed,  does  not  the  production  of  deam  feem  to  fliew  that 
a  great  quantity  of  heat  is  generated  during  the  exploflon.  It 
the  matter  of  heat  was  held  to  the  particles  of  the  component 
parts  of  gun-powrer,  in  confequence  of  their  great  capacity 
for  containing  it,  fliould  we  have  any  reafon  by  analogy  to  ful-* 
pea  that  the  elearic  fpark  would  entirely  reverfe  the  order  of 
the  exiding  attraaions?  Have  we  not  evidence  of  the  accu¬ 
mulation  of  one  power  of  the  pile  in  nitrous  and  muriatic  falts, 
for  in  the  formation  of  their  acids  wre  do  not  find  combuftion 
to  be  neceflary,  and  there  is  no  known  expenditure  of  this 
their  igneous  principle.  Thefe  are  the  falts  which  caufe  the 
combudion  of  inflammable  bodies,  and  burn  them,  in  confe¬ 
quence  of  their  both  containing  igneous  and  inflammable  prin¬ 
ciples.  Thus  does  it  appear  that  fire  is  generated  during  com¬ 
budion. 

From  all  the  obfervations  and  experiments  I  have  made  on 
this  fubjeCt,  I  conclude  that  water  is  dill  to  be  confidered  as  a 
Ample  fubdance,  that  its  two  aflumed  component  parts  are 
non-entities,  that  fire  is  generated  in  every  fpecies  of  com¬ 
budion,  whether  by  acids  or  otherwile,  and  that  heat  is  gene¬ 
rated  in  the  lungs  during  refpiration.  I  take  the  liberty  alfo 
to  fugged,  that  the  admiffion  of  the  hypothetical  fubdances  of 
the  Lavoifierian  fydem  may  have  retarded  the  progrefs  of  fei- 
ence,  by  diverting  the  mind  from  real  objects.  Analogies 
drawn  from  imaginary  data  mud  tend  to  perplex  and  confound, 
and  thus  do  names  anfe  without  eliding  realities.  Perhaps  it 

would 


lie 


EXPERIMENTS  WITH  THE  ELECTRIC  PILE, 

% 

would  be  as  proper  to  quefiion  the  exigence  of  azote,  if  oxy¬ 
gen  and  hydrogen  were  to  fail,  as  it  was  to  admit  it,  from  the 
fuppofition  of  the  exigence  of  thofe  two  fubftances. 

A  CORRESPONDENT, 


VIII. 

Experiments  with  the  EleSiric  Pile,  by  Mr.  Bitter ,  of  Jena . 
Communicated  by  Mr.  Ousted.* 

MILE  the  great  inventor  of  the  cle&ric  pile  was  proving 
the  identity  of  galvanifm  and  electricity,  many  of  the  philofo- 
phers  of  Germany  were  bulled  in  the  fame  purfuit.  On  this 
Iubje6l  the  celebrated  Ritter  undertook  a  very  extenfive  feries 
of  experiments,  the  refults  of  which  are  fo  remarkable  as  to 
merit  attention,  even  after  the  publication  of  the  labours  of 
the  philofopher  of  Pavia. 

To  compare  eal-  or<Ier  to  compare  galvanifm  properly  with  electricity, 

vanifm  with  four  different  phenomena  are  to  be  diftinguifhed;  the  kind  ot 
m  at  ten  d^  to  electricity,  chemical  aCtion,  fpark,  and  fhock. 

the  kind,  che-  As  to  the  kind  of  eleCtricity,  it  is  known  to  every  perfon, 

Ip'irk  and°lhock  ^at  *he  P*‘e  has  two  eleCtrical  poles,  one  pofitive,  the  other 

i.  Kind.  negative.  On  a  more  attentive  examination  we  difeover,  what 

The  pile  has  a  was  not  difficult  to  forefee,  that  the  refpeCtive  inlenfities  are 

negative  pole :  Itrongeft  at  the  extremities  of  the  pile,  and  regularly  decreafe 

and  the  intend-  from  the  extremity  to  the  centre,  where  the  intenfity  is  at  its 
ties  decreale  gra-  .  .  ^ 

dually  from  the  minimum,  but  it  wfas  never  yet  tufpeCted,  that  the  whole  pile 
exremities  to  the  becomes  negatively  electrified,  when  a  communication  is  made 
Ihnthe  whole  between  the  pofitive  pole  and  the  earth,  by  means  of  fome  con- 
pile  becomes  ne-  duCting  (ubftance;  and  on  the  contrary,  the  whole  pile  be- 
P^fitivVro^s'1  comes  pofitive;  when  the  eleCtricity  is  abftraCted  from  the  ne- 
madetocom-  gative  pole.  We  have  here  a  phenomenon,  that  thews  the 
the  ear  di  by'^  theory  eleCtricity  to  be  dill  in  its  infancy:  When  the  ftaleof 
means  of  a  con-  the  P'^e  *s  thus  changed,  its  chemical  adtion  is  not  deftroyed, 
du£tor,  and  vice  but  continues  as  before.  This  faCt  is  perfeClly  confident  with 
Yet  this  change  the  augmentation  of  the  chemical  action  of  the  pile,  on  the 
in  the  kind  of  addition  of  falts,  acids,  or  alkalis,  to  their  wet  flrata,  in  which 

not  afhhd  its°  ^  cahe  himl  eleCtricity  remains  condantly  the  lame  as  when 

chemical  attion.  fimple  water  was  employed. 

A  collateral  fa£l 

the^a^Tby  Gf  *  Journal  de  Phyfique,  December,  1803,  Vol.  LVII,  p.  401. 

adding  a  fait  to  Thf 

the  water  without  changing  the  kind  of  eleCtricity. 
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The  aftertion  of  Volta,  ft  nee  repeated  by  Van  Marum  and 
Pfaff,  that  the  electrical  pile  charges  a  jar  or  a  battery  inftan- 
taneoufly,  requires  fome  limitation. 

With  regard  to  common  piles,  the  allertion  is  true:  but  if’ 
the  pieces  of  pafteboard,  inftead  of  being  thoroughly  wetted, 
contain  but  very  little  moifture,  that  of  the  damp  air  for  ex¬ 
ample,  the  adlion  takes  place  much  more  flowly.  At  firft,  in¬ 
deed,  the  action  is  (till  tolerably  prompt,  but  in  proportion  as 
the  pafteboards  lofe  their  moifture,  the  adlion  becomes  gradu¬ 
ally  flower ;  fo  that  a  pile  of  fix  hundred  pairs  of  zinc  and  cop¬ 
ier,  ufed  immediately  after  it  was  made,  was  ten  or  fifteen 
minutes  charging  a  battery  of  thirty-fix  fquare  feet  to  the  fame 
degree,  to  which  it  would  have  charged  it  i n flan taneou fly , 
had  it  been  conftru&ed  with  pieces  of  pafteboard  thoroughly 
wetted.  Each  of  the  wet  ftrata  too  may  be  compofed  of  a 
piece  of  glafs,  armed  on  each  fide  with  wet  pafteboard ;  and 
Inch  a  pile  of  fix  hundred  pairs  would  require  twelve  hours  to 
charge  the  battery  to  the  fame  degree,  as  would  be  done  by  a 
common  pile,  with  a  folution  of  a  fait,  in  an  imperceptible 
(pace  of  time.  The  law  of  this  retardation  therefore  is,  that 
the  action  of  a  pile  is  more  flow,  in  proportion  as  it  is  a  worfe 
conductor. 

Ritter  has  made  a  great  number  of  experiments  in  particu¬ 
lar,  which  prove,  that  the  ftate  of  the  pile,  on  all  occafions , 
obeys  the  fame  laws,  as  that  produced  by  the  electrical  ma¬ 
chine:  but  we  cannot  here  enter  into  particulars,  without  ex¬ 
ceeding  the  bounds  allowable  to  an  abftra<5t. 

It  is  a  well  known  fact,  that  eledricity  produces  the  fame 
change  in  water  as  galvamfm.  Ritter  has  tliown,  thatpofitive 
eleftricity,  like  pofttive  galvanifm,  difengages  from  it  oxigen 
gas ;  and  that  negative  electricity,  like  negative  galvanifm,  dif- 
engages  from  it  hidrogen. 

Inquiries  into  the  action  of  the  pile  on  metals  have  taught 
him,  that  its  negative  pole  diipofes  them  to  combine  with  the 
hidrogen  of  water,  as  the  pofttive  pole  difpofes  them  to  com¬ 
bine  with  oxigen.  The  hidrogenation  has  different  degrees 
with  refpeCt  to  the  fame  metal,  as  well  as  the  oxidation.  Sil¬ 
ver  with  a  large  quantity  of  hidrogen  affumes  the  ftate  of  gas: 
with  a  fmaller  quantity  it  remains  folid.  He  alfo  found,  that 
the  electricity  does  not  produce  oxigenations  and  hidrogenations 
in  the  humid  way  alone,  but  in  the  dry  way  alfo*  The  oxida- 
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Volta,  Van 
Marum,  and 
Pfaff,  fay,  that 
the  pile  changes 
a  jar  inftantane- 
oufly. 

This  is  true  with 
the  common 
pile  $  but  if  the 
pafteboards  be 
little  moiftened, 
the  jar  will  be 
charged  more 
ilowly. 

Such  a  pile  of 
600  pairs  was  10 
or  15  minutes 
charging  a  bat¬ 
tery  of  36  feet 
as  high  as  it 
would  have  done 
inftantaneoufly 
with  thoroughly 
wet  pafteboard. 
By  interpoftng 
glafs  armed  with 
wet  part,  board 
between  each  pair 
of  metals,  the 
time  would  be 
protracted  to 
twelve  hours. 
The  adtion  ofthe 
pile  therefore  is 
quick  in  propor¬ 
tion  to  its  con¬ 
ducting  power. 
Ritter  has 
proved  by  many 
experiments  that 
the  eledtricity  of 
the  pile  obeys  the 
fame  laws  with 
refpedl  to  kind 
as  that  produced 
by  the  machine. 
2.  Chemical 
adtion. 

Galvanifm  and 
eiediricity  pro¬ 
duce  the  fame 
change  in  water  5 
each  in  the  po¬ 
fttive  ftate  ex¬ 
tricates  from  it 
oxigen  j  in  the 
negatives,  hi¬ 
drogen. 

The  negative 
pole  of  the  pile 
difpofes  metals  t$, 
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combine  with  the  tion  produced  by  the  pofitive  pole  is  eafily  obfervable.  No- 

water^the  po-  more  *s  neceflary,  than  to  arm  it  with  a  leaf  of  gold,  and 

fitive  with  its  the  negative  pile  with  a  bit  of  charcoal;  when,  on  bringing 

ThfhMro^ena-  ^iem  ’n(o  confa<^'  the  leaf  will  burn  with  a  bright  flame, 
tion  of  metals  and  the  charcoal  remain  untouched.  If  the  charcoal  be  placed 
has  different  de- jn  cental  with  the  pofitive  pole,  and  the  gold  leaf  in  con- 
their  oxigena-  tact  with  the  negative,  the  charcoal  will  burn,  and  the  gold 
c°in*  ,  •  ,,  m(dt*  d  lie  hidrogenation  produced  by  the  negative  pole  is 
drogenated  be-  lets  diftind,  to  that  it  is  feldom  perceived:  but  fads  may  be 
comesa gas:  lets  adduced  however,  that  prove  its  exiflence.  -  If  a  little  veflel 

G  alvan  ffm  hi  -  °*  ,ron  or  P^atina»  ^'ed  with  mercury,  be  placed  in  contad 

drogenates  and  with  the  negative  pole,  on  touching  the  furface  of  this  fluid 

tals^thedTy  nie^  with  the  pofitive  condudor,  we  obtain  a  point  or  circle 
way  alfo.  of  a  powder  very  different  from  the  black  oxide  of  mercury, 

pol^o/the  phe  which  *s  Produced  when  the  mercury  is  placed  in  contad  with 
be  armed  with  the  pofitive  pole,  and  touched  with  the  negative  condudor. 

•negative  withthe  oxic*c  Placed  in  the  latter  cafe  arranges  itfelf  in  the 
bit  of  charcoal,  hgure  ol  little  Pars,  equal  to  thofe  produced  by  pofitive  clec- 
on  making  the  tricity  with  the  powder:  and  the  circular  figures  on  the  mer- 

leaf  will  burn  CL1I7  at  tiie  negative  pole  are  likewife  equal  to  thofe  produced 
with  a  bright  by  the  powder  eledrified  with  the  negative  condudor. 

charcoaf remain  In  a  PiIe  the  PoIes  which  are  not  made  to  communicate 
unaltered  :  by  means  of  a  conduding  fubfiance,  the  chemical  adion  of  the 

oftlie  fwo’be  re.  ftra,a  comP°ring  l(  is  very  unequal.  The  plates  of  zinc  are 
verfed,  the  Char- oxided  let's  in  proportion  to  their  diftance  from  the  pofitive 

and  the*  go  Id  ”*  P°^’  ^  tliat  tho**e  neareft  the  negative  pole  have  frequently 

me’t.  ^  110  traces  of  oxidation,  and  feem  rather  to  have  been  proteded 

The  hidrogena-  from  the  adion  of  the  water  by  which  they  are  wetted  than 
find:  but  if  attacked  by  the  adion  of  the  pile.  1  his  may  be  rendered  ftill 
mercury,  in  a  more  evident  by  placing  every  fifth  pair  in  contad  with  an  iron 

pbtinafbephced  wire'lhe  olher  end  of  which  is  plunged  in  water.  In  this 
in  contact  with  experiment  the  oxidation  of  thefe  wires  will  be  in  the  inverfe 

ptle" and  Us  fur.  ratil>  of  thc!r  diftances  tr0™  the  pofitive  pole;  in  the  centre  the 
face  touched  by  wnrc  will  not  be  more  oxided  than  another  limply  plunged  in 

th° pofitive  fla°m  water  Por  an  ecPlal  ,ength  °t'  time,  and  all  the  wires  beyond 
fpot  or  circle  of  this  will  be  ftill  Ieis  oxided.  Hence  it  is  evident,  that  another 
a  powder  differ-  adion,  the  reverfe  of  oxidation,  has  taken  place. 

bUckoTid^  °f  a11  lhe  of'  llie  Pi!e,  its  adion  on  the  human  body 

which  is  produ-  has  been  leaf!  examined.  The  fliock,  or  rather  palpitation, 

optTte  cireum- lhal  i(  exciles>  l,as  been  confidered  as  too  (imple,  to  be  fubl 

dances,  will  be  jeded  to  ftrid  inquiry;  and  the  flafli,  as  well  as  its  adion  on 

found  on  the  ,  . 

furface.  t-he 
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the  tongue,  lias  drawn  but  flight  attention.  It  is  true  thefe 
inquiries,  like  all  others  relating  to  organized  beings,  are  very 
difficult,  particularly  when  they  concern  an  action  that  is  fre¬ 
quently  injurious  to  (he  living  fubjedl.  Ritter  has  more  than 
once  paid  for  the  following  difcoveries,  by  long  and  even  dan¬ 
gerous  fits  of  illnefs. 

It  is  well  known,  that  the  (kin,  being  a  bad  condu&or,  mud 
be  wetted,  to  make  it  a  good  one:  it  islikevvife  found  in  prac¬ 
tice,  that  a  furface  of  confiderable  extent  mud  be  wetted  and 
armed  with  metal,  to  have  all  the  poffible  efTeft  of  a  pile. 
The  reafon  is  not  difficult  to  difcover,  though  it  may  lead  to 
many  important  confequences:  we  have  only  to  advert  to  the 
known  fact,  that  condu&ors  can  only  convey  a  quantity  of 
ele&ricity  proportionate  to  their  furface;  whence  it  follows, 
that,  to  produce  the  greateft  effect,  a  confiderable  extent  of 
ikin  muff  be  made  a  g-ood  conductor.  If  one  of  the  furfaces 
wetted  and  armed  with  metal,  which  is  touched  by  the  con¬ 
ductors  of  the  pile,  be  larger  than  the  other,  the  fenfation  is 
lefs  diftinct  than  that  which  takes  place  on  the  fmaller,  where 
there  is  a  more  perceptible,  and  often  painful  fenfation  :  fo  that 
we  are  matters  of  the  magnitude  of  the  effe£t  that  we  would 
produce  on  any  part  of  the  body,  a  very  important  circum- 
itance  in  employing  galvanifm  medicinally. 

The  following  is  an  application  of  what  has  juff  been  faid. 
All  the  difference  between  the  fhock  obtained  from  the  pile, 
and  that  received  from  ajar,  arifes  from  the  different  ffates  in 
which  we  are  when  we  touch  them:  if  a  very  large  pile  be 
touched  with  dry  hands,  we  experience  the  fame  fenfation,  as 
if  we  had  touched  a  charged  jar:  on  the  contrary,  if  with 
hands  thoroughly  wetted  and  armed  with  metal  we  touch  a 
jar  previouffy  difcharged  by  dry  hands,  we  receive  a  fhock 
ffmilar  to  that  of  the  galvanic  pile. 

Ritter  reduces  all  the  effects  of  the  pile  on  the  animal  body 
to  expanffons  and  contractions.  By  the  pofitive  conductor  he 
has  made  feveral  parts  of  the  human  body  affume  a  greater 
bulk ;  and  by  the  negative  he  has  made  the  fame  parts  con- 
trad.  When  the  tongue  is  brought  into  con  tad  wffth  the  po¬ 
fitive  conductor,  applying  the  negative  to  fome  other  part 
of  the  body,  and  they  be  all  left  a  few  minutes  in  this  Rate,  a 
little  riffng  is  produced  on  the  tongue:  the  negative  condudor, 
placed  in  contact  with  it  in  the  fame  manner,  produces  a  little 
,  N  2  de  predion. 
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Tn  the  latter  cafe 
the  b  ack  oxide 
arranges  itfelf  in 
ftars,  as  when 
electrified  by  the 
machine  pofi- 
tively ;  and  the 
circular  figures 
of  the  former  re- 
femble  thole  pro¬ 
duced  by  elec¬ 
trifying  the  pow¬ 
der  negatively.  * 
When  the  poles 
are  not  made  to 
communicate  by 
means  of  a  con¬ 
ductor,  the  che¬ 
mical  action  of 
the  ftrata  is  very 
unequal  The 
plates  of  zinc  are 
oxided  lefs  in 
proportion  to 
their  diftance 
from  the  pofitive 
pole ;  and  thofe 
nearer  the  nega¬ 
tive  pole  appear 
to  have  been  pro¬ 
tected  from  this 
aCt  on. 

If  every  fifth 
pair  be  in  con¬ 
tact  with  an  iron 
wire  communi¬ 
cating  with 
water,  the  oxU 
dation  of  the 
wires  will  b'e  in 
the  inverfe  ratio- 
of  their  diftance 
from  the  pofitive 
pole  j  the  cen¬ 
tral  wire  will  not 
be  more  oxided,- 
than  one  fimply 
ftandi  g  in 
water,  and  the 
wires  toward 
the  negative  pole 
will  be  preferved 
freer  from  oxi¬ 
dation. 

$.  &  4.  Spark 
and  fhock. 

The  adtion  of 
the  pile  on  the 
human  body  hae 
been  lcaft  exa¬ 
mined. 
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it  is  in  faft  moft: 
difficult, 
and  Ritter  has 
brought  on  him- 
felf  long  and 
dangerous  fits 
of  illnefs  by  his 
experiments. 
The  fkin,  to 
form  a  good 
conduttor,  muft 
be  wetted  ; 
and  this  to  acon- 
fiderable  extent, 
to  have  all  the 
eftedl  of  a  pile. 
If  the  fkin  be 
wetted  and  armed 
with  metal  in 
two  places,  and 
touched  with 
conductors  from 
the  pile,  the 
fenfatiori  on  the 
fmaller  furface 
is  moft  percep¬ 
tible,  and  often 
painful : 
hence  we  can 
command  the 


depreffion.  If  the  wet  hands  be  kept  a  few  minutes  in  con¬ 
tact  with  the  poles  of  the  pile,  the  pulfe  of  the  hand  in  con- 
ta6t  with  the  pofitive  pole  becomes  fenfibly  Rronger,  and  that 
of  the  hand  which  touches  the  negative  pole  weaker.  Mr, 
Ritter  has  given  us  many  particulars  on  this  lubjedt,  and  is  cm- 
ployed  in  making  additions  to  them ;  but  we  (hall  content  our- 
felves  with  obferving,  that  the  expanfion  is  followed  by  a  fen- 
fation  of  heat,  the  contraction  by  a  fenfation  of  cold. 

The  action  of  the  pile  on  the  organs  of  fenfe  is  modified  by 
the  particular  nature  of  each  ;  but  it  is  remarkable,  that  the 
two  poles  of  the  pile  produce  in  fome  fort  the  two  extremes 
of  each  fpecies  of  fenfation.  I  have  already  obferved,  in  the 
abftra£t  I  gave  of  Mr.  Ritter’s  difcoveries  on  light  fome  time 
ago,  that  the  pile  produces  in  the  eyes  thofe  red  and  blue  co¬ 
lours,  which  are  nearly  the  extremes  of  thofe  of  the  prifm  ; 
and  if  it  were  not  fo  difficult  to  difiinguifh  the  violet  from  the 
blue,  undoubtedly  we  Ihould  have  nothing  to  wilh  in  this  re— 
fpecl.  In  thefe  experiments,  the  eye  in  the  pofitive  Rate, 
while  it  fees  every  object  of  a  red  colour,  fees  them  at  the 
fame  time  larger  and  more  diltin&ly  :  in  the  negative  Rate,  on 
the  contrary,  it  fees  them  at  once  blue,  fmaller,  and  lefs  dif- 


magnkude  of 
the  eft'e&  we 
would  produce 
on  the  body. 

The  difference 
between  the 
lhock  from  the 
pile,  and  that 
from  the  jar, 
arifes  from  the 
ftate  in  which  vve 
are  when  we 
touch  them.  It 
we  touch  a  large 
pile  with  dry 
hands,  we  re¬ 
ceive  a  fmart 
fhock ;  but  if 
with  hands  wet¬ 
ted  and  armed 
with  metal,  we 
touch  a  jar  d:f- 
charg  d  previ- 
oufly  by  dry 
hands,  we  feel 


tinct  than  they  ufually  appear. 

Thus  the  expanfive  power  of  the  pofitive  pole,  and  the  con- 
trading  power  of  the  negative,  feem  to  exert  their  adion  here 
likewife. 

The  tongue  is  equally  affeded  by  the  pile :  the  acid  tafie 
produced  by  the  pofitive  condudor,  and  the  alkaline  by  the 
negative  are  lufficiently  known. 

The  effect  of  the  negative  condudor  on  the  nofe  is  an  am- 
moniacal  frnell  ;  that  of  the  pofitive  is  a  depreffion  of  the  fen- 
fibility  of  the  organ,  fimilar  to  what  is  produced  by  the  oxi- 
genated  muriatic  acid. 

O 

The  ears,  touched  by  the  pofitive  condudor,  hear  a  grave 
found,  and  with  the  negative,  a  found  more  acute. 

Thefe  experiments  require  much  care  :  to  repeat  them  pro¬ 
perly  it  is  necelfary  to  read  the  descriptions  at  large,  which  the 
auihor  has  given  in  different  trads,  where  the  particulars  are 
minutely  detailed. 


the  fam  fenfa- 

tion  as  from  the  pile.  Ritter  reduces  all  the  efFeJt  of  the  pile  on  the  body  to  expanfion  and 
contraction  ;  the  pofitive  conductor  expanding,  the  negative  contra&ing  the  part.  The  pulfe 
is  made  ftronger  by  the  pofitive  condu&or;  weaker  by  the  negative.  The  expanfion  is  fol¬ 
lowed  by  a  fenfation  of  heat,  and  vice  verfa.  The  adtion  of  the  pile  on  the  organs  of  fenfe 
deoends  on  the  nature  of  the  organ  ;  but  the  two  poles  produce  the  extremes  of  the  fenfation; 
The  e\e  in  the  pofitive  ftate  fees  objedh  red,  large,  and  diftinft}  in  the  negative,  blue,  fmall, 
and  moie  obfcure.  On  the  tongue  the  pofitive  pole  prod  ices  an  acid  tafte  j  the  negative,  an 
alkaline.  in  the  nofe  the  negative  produces  an  alkaline  frnell  j  the  pofitive,  that  of  oxigenated 
muriatic  acid.  In  the  cars  the  pofitive  produces  a  grave  found]  the  ngativc,  an  acute. 
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IX. 

Account  of  a  Machine  for  laying  Land  Iced. 

By  Mr.  David  Charles  *. 

This  fimple  machine,  which  is  the  invention  of  my  Steward,  Account  of  a 
and  of  which  I  have  feen  nothing  fimilar,  appears  to  me  la n d  lcve  1 3 ^ 
necell'ary,  even  in  the  mod  fertile  parts  of  England,  where 
the  new  fyftem  of  drill-hufbandry  has  been  introduced,  or 
even  where  there  is  any  attention  to  the  wade  of  time,  or  to 
the  eafe  of  cattle  in  the  act  of  ploughing  ;  in  order  to  get  rid 
of  crooked  or  unequal  ridges,  without  either  a  fummer  fallow 
by  crofs  ploughing,  or  elfe  by  frequent  repetitions  of  plough¬ 
ing  in  the  winter  and  fpring,  which  the  humidity  of  our  climate 
will  notallow  in  every  kind  of  foil. 

I  reduced  fourteen  acres  of  land  1  aft  fpring  to  a  perfedt 
level,  where  the  crowms  of  the  ridges  were  above  two  feet 
higher  than  the  furrows,  and  where  they  were  crooked  and  of 
unequal  breadths.  Six  acres  of  this  is  now  under  turnips,  a 
crop  that  gives  fufficient  time  to  ameliorate  the  under-ftrata  of 
foil  that  had  perhaps  never  before  been  expofed  to  the  in¬ 
fluence  of  the  fun  and  air ;  and  by  the  adoption  of  the  North¬ 
umberland  mode  of  fowing  that  root  on  dunged  drills,  it  is 
alrnoft  immaterial  where  the  upper  flrata  is,  provided  the 
feed  vegetates,  as  it  foon  ftnkes  into  the  manure,  and  rapidly 
flourishes. 

My  chief  fuccefs,  however,  has  been  upon  a  field  of  eight 
acres,  which  lay  in  the  unprofitable  date  already  deferibed, 

Th  is  land,  which  is  a  deep  clay,  and  which  had  produced 
a  crop  of  wheat  from  an  old  lay  fod  the  former  year  without 
any  manure,  was  winter  ploughed,  and  lay  in  that  ftate  until 
the  leveller  was  introduced  the  full  dry  weather  in  April. 

It  was  preceded  by  two  horfe-ploughs,  taking  perhaps  a  fquare 
of  an  acre  at  once :  thefe  loofened  the  foil  the  depth  of  a 
common  furrow,  and  twice  the  breadth  acrofs  the  ridges. 

The  leveller  followed,  drawn  by  two  oxen  and  two  horfes, 
with  a  man  at  each  handle,  to  prefs  it  down  where  the  weight 
is  to  be  removed,  and  to  lift  up  the  body  by  the  handles 

*  From  the  Tranfa&ions  of  the  Society  of  Arts,  who  rewarded 
the  Inventor  with  their  filver  medal.  The  communication  was  made 
by  Lieut.  Col.  Hardy,  of  Weftmead,  Carmarthenfhire. 
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.Ac  count  of  a 
Wj  ichin*-  lor  lay 
ing  land  level. 


where  it  is  (o  he  difeharged.  Thus  four  men,  one  driver, 
'and  eight  head  of  cattle,  will  more  efTe<5lually  level  trom  halt 
an  acie  to  three  roods  in  one  day,  according  as  the  earth  is 
light  or  heavy,  than  fixty  or  eighty  men  would  accomplidi 
with  barrows  and  (hovels,  &c.  even  with  the  affirtance  of  a 
plough.  In  Tandy  ground  where  the  depth  of  one  turrow 
will  bring  all  to  a  level,  as  much  will  ot  courfe  be  done  in 
one  day  as  two  ploughs  can  cover  ;  but  my  ground  required 
to  be  gone  over  feveral  times.  After  this  held  was  levelled, 
the  backs  of  the  ridges,  as  they  are  termed,  which  were 
dripped  of  their  vegetable  mold,  were  ploughed  up,  the 
furrows  not  requiring  it.  They  were  alfo  harrowed,  and  the 
field  copioufly  manured  with  lime  comport  ;  harrowed  in,  and 
broke  into  nine-feet  ridges,  per fe<5f ly  (trait,  in  order  to  in¬ 
troduce  Duckil’s  drill.  It  was  Town  under  furrow,  broad- 
cart,  the  lart  of  it  not  until  the  13th  ot  May,  and  was  cut 
down  a  reafonable  crop  tlie  4th  ot  September.  I  am  now 
thrartrtng  it,  and  a  (ample  (hall  be  lent,  as  well  as  a  return  of 
the  eight  acres  if  necertary. 

The  held  now  lies  in  proper  form,  well  manured,  with  the 
advantage  of  a  fair  crop  from  heavy  tenacious  ground,  with¬ 
out  lofing  a  feafon,  and  in  a  year  by  no  means  favourable. 

I  am  well  aware  there  are  many  fhallow  foils,  where  it  may 
be  hazardous  to  remove  the  enriched  furface,  and  trurt  perhaps 
one  half  of  your  land  for  a  crop  that  had  never  before  been 
expoled  to  the  atmnfphere  ;  but  where  the  foil  is  fufticiently 
deep,  or  you  have  good  under-rtrata,  and  there  is  manure  at 
hand  to  correft  what  is  four  from  w  ant  of  expofure  and  tillage, 
it  is  evident  from  this  experiment  that  no  rifk  is  run. 

To  avoid  the  expence  of  a  fallow,  and  to  la)  out  ground  in 
Arai t  and  even  ridges,  even  where  drill  hulbandry  is  not 
pra&ifed,  fliould  be  objedfs  to  every  rational  farmer.  But 
w  here  the  new  f\  rtem  is  intended  to  be  adopted,  it  becomes 
indifpenfably  necertary.  In  laying  down  lawns,  parks,  See. 
where  furrows  are  an  eyefore,  or'  places  inaccefiible  to  wheel 
carriages  from  their  declivity,  and  from  which  earth  is  to  be 
removed,  it  w  ill  be  found  equally  ufeful. 

Should  the  fociety  confider  the  inventor,  David  Charles, 
worthy  of  any  renumeration,  honorary  or  other  wife,  it  will  be 
gratefully  acknowledged  by 

Your  obedient  Servant, 

IVeJimead,  Jan.  J,  1803.  JOSEPH  HARDY. 

4  Certificates 
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Certificates  from  Mr.  Owen  Edwards  of  Brook,  ani^^?nefor  lay 
Thomas  Bynan,  carpenter,  of  WeAmead,  accompanied  the  jng  iancj  level, 
above  letter,  confirming  the  Aatement  made  herein. 

Defcription  of  the  Machine  for  laying  L/neven  i .and  UlcI , 

invented  by  Mr .  David  Charles. — Plate  XI.  kig-  1,~» 

Fig,  i . — A,  Part  of  the  pole  to  which  the  oxen  or  horfes 
which  draw  the  machine  are  fattened,  and  which  is  attached 
to  the  machine  by  a  pin  at  B. 

CC,  The  two  wheels,  fhod  with  iron,  which  run  upon 
the  axle  D. 

EE,  The  upper  frame-work  of  the  machine,  extending 
from  the  axle  to  the  extremity  of  the  handles  FF,  and  lecured 
firmly  by  the  crofs  pieces. 

GG,  The  curved  iron  Aiders  of  the  machine,  which  may 
be  raifed  or  depreffed  a  little  by  means  of  the  pins  El  H,  which 
pafs  through  holes  in  the  wood- work,  and  alio  in  the  iron 
Aiders;  thefe  Aiders  form  one  piece  w'ith  the  back  iron  fcraper 
I,  in  the  manner  more  fully  explained  in  Fig.  2. 

K,  The  wooden  back  of  the  machine,  which  Aiould  be 
made  Arong,  to  refift  the  weight  of  the  earth  when  colletted 
therein.  The  iron  lcraper  Aiould  be  firmly  fecured  to  this  by 
fcrews  and  iron-work. 

LL,  The  wooden  Aides  of  the  machine  firmly  connedted 
with  the  back  and  frame-work,  in  order  to  afiifi  in  colle&ing 
the  earth  to  be  removed. 

M,  A  Arong  crofs  piece  into  which  the  ribs  which  fupport 
the  back  are  well  morticed. 

Fi<r.  2. _ K,  The  interior  part  of  the  back  of  the  machine. 

I,  The  iron  fcraper,  fiiarp  at  the  bottom,  and  firmly  fcrewed 
to  the  back  of  the  machine. 

GG,  Parts  of  the  fide  irons  or  Aiders,  Aiowing  the  mode  in 
which  they  are  united  with  the  fcraper  I, 

M,  The  crofs  piece  above  deferibed. 
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X. 


Experiments  on  Magnetifm ;  by  Mr.  Ritter,  of  Jena.  Com - 
innnicated  by  Dr.  Orsted,  of  Copenhagen* . 


The  phenomena 
of  magneti fm 
and  electricity 
have  often  b  *en 
com  ared,  hut 
we  want  fails. 


Rin-er  has  infti- 
tuted  new  inqui¬ 
ries  on  the  fub- 
jeil. 

His  experiments 
did  not  always 
anfwer,  but  ex  - 
hibited  many  in- 
terefting  facts. 

A  magnetic 
wire,  and  an¬ 
other  not  mag¬ 
netic,  excited 
galvanic  palpita¬ 
tions  in  frogs  j 
the  fouth  pole 
rn ore  ftrongly, 
the  north  lefs, 
than  iron  not 
magnetic. 

Hence  he  infer¬ 
red,  that  the 
fouth  pole  has  a 
greater  affinity 
for  nxigen  ;  the 
north,  lefs. 

This  confirmed 
b\  experiment. 
Magnetic  iron 
wires  being 
placed  in  weak 
nitric  acid,  the 
fouth  pole  was 
mod  oxided. 
The  fouth  pule 
of  a  magnetic 
wire  being  im- 
merf  d  in  one 
phial  of  water. 


i  HE  phenomena  of  magnetifm  have  frequently  been  com¬ 
pared  with  lliofe  of  electricity,  and  many  fa£ts  feem  tojuftify 
the  comparifon.  Thefe  facts,  however,  are  neither  numerous 
enough,  nor  fufficienlly  conclufive,  to  compofe  a  complete 
theory.  A  feries  of  experiments,  exhibiting  the  magnetic 
needle  in  all  its  relations  to  ele£tricity,  at  prefent  better  known 
by  means  of  the  pile,  would  undoubtedly  throw  much  light  on 
a  fubject  heretofore  fo  obfeure.  Ritter  felt  the  importance  of 
fuch  an  undertaking,  and  began  frefli  inquiries  concerning 
magnetifm,  with  the  fame  ardour  and  fagacity  that  have  ever 
diflingu idled  his  labours.  Though  thefe  experiments  did  not 
always  anfwer  the  full  extent  of  his  defigns,  they  notwithdand- 
ing  exhibit  a  fufiicient  number  of  interefting  facts  to  excite  the 
curiofity  of  every  natural  philofopher. 

Mr.  Ritter’s  firft  experiments  with  the  magnet  were  on 
frogs.  He  found  that  a  magnetic  iron  wire,  with  another  not 
magnetic,  excited  a  galvanic  palpitation  in  thefe  animals.  Pre- 
fently  he  obferved,  that  the  fouth  pole  excited  dronger  palpita¬ 
tions,  and  the  north  pole  weaker,  than  the  iron  not  magnetic. 
Having  conftantly  noticed,  that  the  metals  mod  fufceptible  of 
oxidation  excited  the  Pronged  palpitations,  he  inferred,  that, 
the  fouth  pole  podefTes  a  greater  affinity  for  oxigen  than  fimple 
iron,  and  the  north  pole  lefs. 

This  fuppofition  he  confirmed  by  means  of  feveral  chemical 
re-agents.  He  placed  a  magnetic  iron  wire  on  pieces  of  glafs 
in  a  plate  of  earthen  ware,  and  poured  upon  it  very  wreak  nitric 
acid.  The  fouth  pole  was  attacked  by  the  acid  much  more 
powerfully  than  the  north;  and  was  foon  furrounded  by  a  de- 
pofition  of  oxigen,  the  quantity  of  which  greatly  exceeded  that 
of  the  other  pole. 

The  different  oxidability  of  the  magnetic  poles  is  very  well 
exhibited  likewife,  by  taking  three  (mall  bottles  of  equal  fize, 
filled  with  water,  either  pure  or  nightly  acidulated,  and  putting 

*  Journal  de  Phyfique,  December,  1803,  Vol.  LVII.  p.  406. 
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into  one  the  fouth  polar  end  of  a  magnetic  wire,  into  a  fecond  the  north  pole 

tlie  north  polar  end  of  a  fimilar  wire,  and  into  the  third  the  end  othcr>  and  the 

of  an  equal  wire  not  magnetic:  the  louth  pole  will  fird  begin  end  of  a  fimple 
,  °  .  .  i-in  j  .1  wire  in  a  third; 

to  depodt  oxide,  the  unmagnetic  iron  a  littte  after,  and  tj^e  foutj1  poie 

north  pole  lad.  This  experiment  requires  contiderable  care,  firft  depofits  ox- 

The  furface  of  the  water  mud  be  covered  with  very  frefli  oil  nort^poie^aft. 

of  almonds,  to  exclude  all  accefs  of  air.  Care  mud  be  taken  This  experi- 

too,  that  one  of  the  bottles  is  not  more  expofed  to  the.  fun  me”c  re<tu  res 
’  J  .  particular  pre- 

than  the  others,  becaufe  light  accelerates  oxidation.  Ritter  cautions. 

convinced  himfelf  of  this  by  diredt  experiments  ;  expofing  two ex- 

iron  wires  in  water  to  the  fun,  but  covering  one  of  the  phials  and  nght  acce- 

with  black  paper,  when  that  in  the  phial  left  uncovered  was  lerates  oxida- 
•  i  ,  f  ,  •  ,  ,  tion. 

oxided  much  the  more  quickly. 

If  infudon  of  litmus  be  fubdituted  indead  of  the  water  in  infufion.  of 

1.  ,  .  .  .  |  .  litmus  be  ufed. 

the  three  phials  in  the  preceding  experiment,  the  relative  oxi-^g  rejatjve  ox;_ 

dations  will  be  the  fame ;  but  they  will  be  attended  with  a  dations  will  be 

change  of  colour,  (hewing,  that  an  acid  is  produced  propor-  a^adcTm  pro- 

tional  to  each  oxidation  ;  fo  that  the  fouth  pole  not  only  un-  portion  to  each 

dergoes  the  greated  oxidation,  but  likewife  reddens  the  infu- ^thc 

don  of  litmus  mod  *.  The  action  that  takes  place  in  this  ex- change  of  co- 

periment  is  very  feeble,  and  frequently  requires  a  week  or 

more  to  produce  a  didinfi  effect  ;  and  indeed  to  accelerate  itveryilowj 

fo  much  as  this,  it  is  neceflary  to  add,  previoutly  to  the  infu-. and  to  accelerate 

don,  as  much  acetic  acid  as  will  incline  it  to  red,  without  of^cetka^d  10° 

completely  changing  its  colour.  The  infudon  reddened  in  (hou Id  be  added 

this  experiment  refumes  its  blue  colour  on  expofure  to  the  air:  The^intVfion0" 

but  we  mud  not  hence  conclude,  that  the  acid  produced  by  thus  reddened 

the  a&ion  of  the  magnet  is  very  volatile,  for  infudon  of  litmus  bec.omes  b,ue 

”  .  .  J  again  op  expo- 

reddened  by  phofphoric  acid,  or  any  other,  exhibits  the  lamefure  to  the  air: 

phenomenon.  fame^wh t**  d 

The  following  experiment  exhibits  fome  things  peculiar,  <jened  with  any 
and  therefore  I  diall  give  it  more  at  large.  It  has  not  been  other  acid, 
repeated,  but  the  harmony  of  its  refults  is  in  favour  of  its  ac_ExPeumenL 
curacy.  Sixteen  magnetic  wires,  of  equal  dze  and  power, 
were  placed  in  dx  veflels,  all  equally  full  of  a  mixture  of  one 
part  nitric  acid  and  thirty-fix  parts  water,  in  the  following 


*  Ritter  has  remarked,  that  the  oxidation  of  zinc,  and  feveral  Ritter  and  Jager 

other  metals,  in  pure  water,  produces  an  acid.  Mr.  Tager,  a  ce-  have  f°ynd,  that 
1  .  ,  .  .  .  1  c  o  j  1  r  ,•  r  &  .  ,  the  oxidation  of 

1  ebrated  pnyfician  of  Stuttgard,  made  the  lame  dilcovery,  without  feverai  meta]s  \n 

knowing  any  thing  of  Ritter’s.  pure  water  pro¬ 

duces  an  acid. 


manner : 
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In  phials  con¬ 
taining  water  36 
parts,  nitric  acid 
1  part,  were  im- 
merfed :  1.  a  N. 
and  S.  pole,  at 
i  a  line  diftance: 
1.  the  fame  1 f 
inch  :  3.  3  S. 
poles,  ar  \  a  line: 
4.  the  fame  at 

inch  :  5.  3 
M.  poles,  at  i  a 
line  :  6  the 
fame  at  if. 

The  oxide  dcpo- 
fited  in  thefe 
with  refpeft  to 
quantity  was  in 
the  following 
order  :  No.  2, 

3>  4*  5>  6* 

The  lofs  of  fluid 
by  evaporation, 
was  in  the  in- 
verfe  ratio  of 
the  oxidations. 
All  the  magnets 
were  weakened 
in  power  :  No.  2 
lead  ;  1  more  : 
in  all  the  reft 
one  wire  was 
weakened  more 
than  the  others. 
On  immerfing 
two  fouth  poles 
in  one  phial,  two 
north  in  another: 
the  latter  were 
moft  oxided. 
jVJr.  R-  attempt¬ 
ed  unfuccefs- 
fully  to  conftrufl 
a  battery  with 
120  magnetic 
wires,  their 
poles  laced  in 
opposition,  and 
Separated  by  a 
drop  of  water  ; 
but  he  has  not 
piven  up  the  de- 
ftgn  :  and  means 
to  purfue  his  in¬ 
quiries  on  the 
Jubjeft  at  large 
very  extcnfively. 


manner:  In  the  firft  glafs  were  placed  two  wires,  one  with 
the  north  pole  immerfed  in  the  fluid,  the  other  with  the  louth, 
and  not  more  than  halt  a  line  afunder  :  In  the  fecond,  the  fame, 
but  the  wires  an  inch  and  three  quarters  apart:  In  the  third 
and  fourth  were  each  three  wires,  with  the  fouth  poles  of  all 
immerfed,  but  their  diftances  in  the  two  glades  different,  as 
in  the  firft  and  fecond:  In  the  fifth  and  fixth  were  wires  fimi- 
larly  arranged,  but  with  the  north  poles  immerfed.  Different 
quantities  of  oxide  wrere  gradually  depofed ;  and  to  exprefs 
the  whole  in  few  words,  we  will  call  the  fouth  pole  S,  the 
north  pole  N,  their  greater  diftance  g,  and  their  lefs  p;  and 
we  will  exprefs  the  order  of  oxidations  as  follows:  SN^ 
SNp£>3SpJ>3SgJ>  3  N  p  3  N  g  .  On  the  nine¬ 
teenth  day  it  was  obferved,  that  the  lofs  of  fluid  by  evapora¬ 
tion  had  not  been  equal  in  all  the  velfels,  but  took  place  in 
the  inverfe  order  of  the  oxidations.  All  the  magnetic  wires 
were  weakened  in  power;  N  Sg  leaft  ;  NSp  more:  of  the 
wires  3  S  p,  two  had  loft  lefs  power  than  the  third  ;  and  in 
like  manner  3  Sg,  3  N  p,  3  N g,  had  each  two  left  more 
powerful  than  the  third  ;  the  ftrongeft  were  equal  to  N  Sg. 

In  another  experiment,  where  two  little  velfels  filled  with 
infufton  of  litmus  were  employed,  one  of  them  containing  two 
magnetic  wires,  the  fouth  poles  of  which  were  immerfed  in 
the  fluid  ;  the  other  two  fimilar  wires,  of  which  the  oppofite 
poles  were  immerfed;  the  oxidation  was  greateft  in  the  latter 
veffel  *. 

Laftly,  Mr.  Ritter  endeavoured  to  conftruct  a  battery  of 
magnets,  but  he  did  not  fucceed.  For  this  purpofe  he  em¬ 
ployed  a  hundred  and  twrenty  magnetic  wires,  placed  fo  that 
each  pole  had  its  contrary  oppofite  to  it,  and  feparated  from  it 
by  a  drop  of  water;  but  this  apparatus  produced  no  effect. 
The  ingenious  author,  however,  has  not  relinquifhed  the  hope 
of  being  able  to  compofe  a  magnetic  battery,  though  other  ex¬ 
periments,  not  lefs  important,  have  hitherto  prevented  him. 
This  feries  of  experiments  he  confiders  only  as  the  commence¬ 
ment  of  a  very  extenftve  labour,  the  refults  of  which  we  hope 
foon  to  obtain. 

*  This  appears  contradictory  to  the  experiment  adduced  in  the 
third  paragraph.  T. 
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Obfcrvations  on  Arfeniated  Copper .  By  Hauy  *. 

The  only  ores  of  arfeniated  copper  which  are  well  known,  Hlftoryof  the 
are  thof'e  from  the  county  of  Cornwall  in  England.  The  de-ores^ 
termination  of  their  true  compofition  followed  clofely  on  the  compofition. 
difcovery  of  this  metallic  (ubflance,  for  which  we  are  indebted 
to  the  fortunate  chance  which  threw  fome  fpecimens  into  the 
hands  of  the  celebrated  Klaproth.  It  was  in  1787  that  he  pub- 
lifhed  in  the  Journal  de  la  Socicte  des  Curieux  de  la  A ature\, 
the  refult  of  the  examination  which  he  had  made  of  this  new 
mineral. 

The  authors  who  have  fpoken  of  arfeniated  copper  fince  that 
period,  had  only  defcribed  it  under  the  form  of  acicular  cryf- 
tals,  when  Citizen  Lelievre,  member  of  the  Council  of  Mines, 
having  fufpedted  the  exiftence  of  a  peculiar  fubflance,  from 
the  infpedbon  of  a  group  of  green  hexagonal  bevilled  laminae 
which  were  given  to  him,  made  an  eflay  of  it,  and  difeovered 
the  prefence  of  oxide  of  copper  and  arfenic  acid.  Citizen 
Vauquelin  foon  afterwards  confirmed  this  indication,  and  de¬ 
termined  the  proportion  of  the  relative  quantities  of  the  two 
principles  contained  in  the  fame  fubftance. 

About  this  time  the  opening  of  a  fecond  mine  in  the  county 
of  Cornwall  occafioned  the  re-appearance  of  arfeniated  cop¬ 
per,  the  vein  which  had  been  formerly  explored  being  ex- 
haufted.  This  difcovery  was  the  more  important,  as  the  fub¬ 
flance  appeared,  in  its  new  fituation,  with  ehara&ers  altoge¬ 
ther  peculiar,  and  under  forms  hitherto  unknown* 

M.  de  Bournon,  who  was  at  hand  to  participate  in  this  in- 
creafe  of  riches  which  refulted  to  mineralogy,  fent  to  Citizen 
Gil  let  Laumont  and  me,  feveral  fpecimens  chofen  from  among 
thofe  he  poflefied  ;  and  that  which  added  to  the  value  of  his 
gift,  was  his  hafte  to  communicate  to  us  the  interefting  work 
which  he  had  prepared,  on  the  cryftallography  of  arfeniated 
copper,  before  he  publifhed  it. 

*  Tranflated  from  a  pamphlet  in  quarto,  fent  by  the  author  to 
the  Count  de  Bournon  ;  probably  forming  part  of  a  journal, 
f  Tom.  VIII.  p.  160. 
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ON  ARSENIATED  COPPER. 

Mr.  Chenevix  was  employed  at  the  fame  time  on  the  ana- 
lyfis  of  this  fubftance.  Soon  after  they  both  publitbed  the  re- 
fults  of  their  refearches  in  the  Philofophical  PranJ'udions  *  ; 
and  Mr.  Chenevix  teftifies  his  admiration  at  fuch  a  perfect 
agreement  between  two  feiences  which  employ  two  methods 
fo  different  (o  interrogate  nature.  M.  de  Bournon,  on  his  part, 
fays  that  the  analyfes  of  Mr.  Chenevix  have  given  the  mod 
fatisfadory  fan&ion  to  the  d i vi lion  which  he  had  himfelf  made, 
of  the  arfeniated  copper  into  four  diflind  fpecies. 

Before  going  farther,  it  is  necetfary  to  make  known  the  va¬ 
rieties  of  arfeniated  copper  which  I  have  been  enabled  to  exa¬ 
mine.  1  fhall  confine  myfelf  to  giving  a  defcription  of  them, 
fuccind  and  independent  of  the  laws  to  which  the  ftrudure 
of  cryfials  is  fubmitted,  the  actual  date  of  our  knowledge  on 
this  fubjed  only  admitting  of  hypothetical  views,  of  which  I 
fhall  fpeak  hereafter. 

1.  Obtufe  odahedral  arfeniated  copper,  (Plate  IX  Fig.  2): 
incidence  of  P  on  p,  50°  4';  of  P '  on  p\  65°  8';  of  P  on  P', 
139°  47' f.  The  colour  of  the  cryfials  is  fometimes  a  finece- 
leftial  blue,  and  fometimes  a  green,  which  varies  between  a 
grafs-green  and  a  pale  green.  The  odahedron  fometimes  be¬ 
comes  cuneiform,  lengthening  fo  that  the  terminal  edge  is  pa¬ 
rallel  at  D. 

2.  Lamelliform  arfeniated  copper.  In  hexagonal  lamina?, 
whofe  narrow  faces  are  inclined  alternately  in  contrary  direc¬ 
tions  ;  the  incidence  of  two  of  the  narrow  faces,  fituated  on 
the  fame  fide,  on  the  correfpondent  bafe,  133°  nearly,  ac¬ 
cording  to  M.  de  Bournon  :  incidence  of  the  third  on  the  fame 
bale,  1 15°  nearly. 

*  For  1801,  p.  199,  et  feq: 

f  I  adopt  here,  very  nearly,  the  refults  of  M.  de  Bournon,  who 
Indicates  50°  for  the  incidence  of  P  on  py  and  65°  for  that  of  P' on 
p'.  I  have  only  endeavoured  to  find  limits  capable  of  facilitating 
the  calculations  which  1  propofe  to  make.  Let  b  acy  gacy  (Fig.  4) 
be  the  fame  faces  as  P  ard  P,  (Fig.  2)  }  let  ao  (Fig.  4)  be  the 
height  of  the  pyramid  which  has  its  fummit  in  A,  (Fig.  2)  ;  on 
(Fig.  4)  a  perpendicular  to  be ,  and  or  perpendicular  to  eg: — if  ao 

zz  ou  zz  n/2695,  and  or  1440,  we  /hall  have  50°  4'  for 

the  incidence  of  P  on  p  (Fig.  2),  and  (15°  8'  for  that  of  P’  on  p'; 
whence  is  deduced,  by  calculation,  139°  47'  for  that  of  P  on  P', 
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The  laminae  divide  parallel  to  the  large  faces  with  great 
cafe.  Their  colour  is  a  fine  grals-green. 

3.  Acute  octahedral  arfeniated  copper,  ( Fig.  3)  :  Incidence 
of  r  on  r' ,  96^,  according  to  M.  de  Bournon  ;  of  /  on  i ,  1 12° . 

The  colour  is  a  brown  green,  more  or  lefs  deep. 

a,  cuneiform.  The  preceding  oCfahaedron  lengthened  fo 
that  the  terminal  edge  is  parallel  to  n.  This  form,  which  is 
the  mod  common,  offers  the  appearance  of  a  long  rhomboidal 
prifm,  more  or  lefs  acute,  and  is  terminated  by  dihedral  lum* 
mits. 

4.  Trihedral  arfeniated  copper.  In  a  ftrait  triangular  prifm, 
which  is  at  the  fame  time  equilateral,  according  to  M.  de 
Bournon. 

When  the  cryftals  have  not  been  long  expofed,  their  colour 
is  a  fine  bluifii  green  ;  but  their  furface  is  lubject  to  change 
and  take  a  blackifh  tinge.  If  they  are  fcratched,  their  primi¬ 
tive  colour  will  re-appear. 

5.  Capillary  arfeniated  copper.  This  is  properly  the  oli- 
venerz  of  the  German  mineralogies. 

6.  Mammellated  arfeniated  copper.  In  mammellaled  maffes, 
ftriated  in  the  interior.  Thefe  two  laft  varieties  are  fufceptible 
of  a  great  diverfity  of  tints,  which  (hew  the  tranfitions  from 
grafs-green  to  olive-green,  to  greenifli-brown,  to  tawny  ( mor - 
(lore) ,  to  yellow,  to  bluifh,  and  to  white,  which  is  frequently 

The  following  is  the  manner  in  which  M.  de  Bournon  claffed  M.  deBournon’e 
the  different  modifications  which  have  been  juft  mentioned,  cla^ficatlon# 
according  to  the  differences  which  they  offer  with  refpeCt  to 
form,  fpecific  gravity,  and  hardnefs. 

He  divides  them,  as  I  have  faid,  into  four  diftinCf  fpecies.  Four  diftlndt 
The  firft  is  derived  from  the  obtufe  octahedron  :  the  type  of *Pecies* 
the  fecond  is  the  lamelliform  cryftal,  in  hexagonal  laminae, 
with  beviJs  inclined  alternately  in  contrary  directions.  He 
takes  the  acute  octahedron  for  the  primitive  form  of  the  third, 
and  connects  the  acicular  cryftals  and  mammelary  concretions 
with  it,  as  varieties :  in  the  fourth  he  places  the  equilateral 
triangular  prifm,  and  feveral  other  forms  which  offer  the  fame 
prifm,  truncated  on  its  folic!  angles  or  on  its  edges. 

On  the  other  hand,  Mr.  Chenevix  has  given  fix  refults  of Mr.  Chenevix’s 
the  analyfis  of  arfeniated  copper,  which  I  fhall  detail,  difpofing  an3h,fc9‘ 
them  conformably  to  the  order  eftablifhed  by  M.  de  Bournon. 

Flrjl 
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Fir  ft  Species ,  in  obtufe  udlahedra. 


Oxide  of  copper 

m 

49 

Arlenic  acid  -  • 

m 

14 

Water  - 

* 

35 

Lofs  • 

2 

100 

Second  Species,  in  lamelliform 

Cryftals. 

Oxide  of  copper 

58 

Arfenic  acid  - 

- 

21 

Water  •  -  -  • 

- 

21 

i 

100 

Third  Species ,  in  acute  o&tahcdra. 


Oxide  of  copper  - 

60 

Arfenic  acid  - 

39.7 

Lofs  - 

0.3 

100.0 


Variety  of  the  fame  Species,  in  capillary  Cryftals . 


Oxide  of  copper 

51 

Arfenic  acid 

-  29 

Water 

13 

Lofs 

-  2 

100 

i 

— 

Another  Variety,  in 

mammdlaicd  Concretions. 

Oxide  of  copper 

50 

Arfenic  acid 

-  29 

Water 

21 

100 

Fourth  Species, 

in  trihedral  Pripns. 

V 

Oxide  of  copper 

54 

Arfenic  acid 

-  30 

Water 

-  -  16 

100 

Towards- 
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Towards  the  conclufion  of  his  memoir,  Mr.  Chenevix  re-  Only  one  true 
marks  that  the  natural  arfeniate  of  copper  exifts  in  three  differ-  perT'^he  others* 
ent  combinations,  the  fir  ft  of  which  contains  14-  percent,  of  are  arflniates  of 
arfenic  acid,  (fir ft  refult  above) ;  the  fecond  contains  21,  (fe-  j^jiateof  C0P- 
cond  refult) ;  and  the  third  29,  (third,  fourth,  fifth,  and  fixth 
refulls).  It  is  true,  the  third  refult  gave  39.7  of  acid  in  the 
100  parts,  but  as  the  remainder  of  the  mafs  was  compofed  of 
60  parts  of  copper  without  water,  he  found  that  the  propor¬ 
tion  of  the  acid  with  the  copper  did  not  differ  much  from  that 
which  takes  place  in  the  varieties  in  which  water  forms  a  part: 
this  induced  Mr.  Chenevix  to  comprehend  this  refult  in  the 
fame  divifion.  Yet  he  confiders  this  combination  as  the  only 
true  arfeniate  of  copper,  while  the  other  three  are  arfeniates  of 
hidrate  of  copper. 

I  feel  the  value  of  the  double  work  from  which  I  have  given 
this  extract  fo  much  the  more,  becaufe,  having  read  the  me¬ 
moirs  which  contain  the  developement,  I  am  enabled  to  judge 
of  the  advancement  which  it  has  produced  in  our  knowledge 
on  a  fubjeX  which  was  in  a  great  meafure  new  when  MM.  de 
Bournon  and  Chenevix  began  to  be  employed  with  it.  The 
expofition  which  I  fball  add  of  fome  enquiries  I  have  made  on 
the  cr)  ftallization  of  arfeniated  copper,  and  of  the  reflexions 
w'hich  they  have  given  rife  to,  have  no  other  object  but  that 
nothing  may  be  negleXed  w’hich  tends  to  elucidate  in  a  greater 
degree,  every  thing  conneXed  with  an  objeX  of  fuch  import¬ 
ance  as  the  diftinXion  of  mineralogical  fpecies. 

After  having  read  the  cryftallographic  part  of  the  work  in  Can  the  varie- 

oueftion,  I  was  defirous  to  know  if  it  was  not  poftible  to  bring  ties  be  refu^ 

*  *  o  jo  one  primitive 

fome  of  the  crjftals,  deferibed  by  M.  de  Bournon  as  belonging  form  ?  4 
to  different  fpecies,  to  the  fame  form  of  the  integrant  molecule; 
but  not  being  able  to  make  all  the  direX  obfervations  which 
would  have  guided  me  in  this  enquiry,  I  was  obliged  to  con¬ 
fine  myfelf  to  fimple  hypothefes. 

I  therefore  confidered  the  obtufe  oXahedron  as  performing 
the  funXions  of  the  primitive  form  ;  and  I  was  the  more  war¬ 
ranted  in  conceiving  this  opinion,  becaufe  the  celebrated  Kar- 
ften,  in  a  fupplement  to  the  excellent  memoir  which  lie  had 
publifhed  before*,  on  the  combinations  of  copper  with  differ¬ 
ent  principles*  fays  that  the  oXahedron  in  queftion  is  lamellated, 

•*  jQurn.  de  Plyfique,  BrumXre,  An.  X.  p.  342,  et  fuiv. 

.  '  in 


t 


I 


192 


ON  ARSENI  ATED  COPPER. 


Comparifon  of 
the  acute  and 
obtufe  o&ahe- 

dra. 


in  a  direction  parallel  to  the  faces  of  the  two  pyramids,  of  which 
it  is  the  aggregate  *.  Proceeding  on  this  datum,  I  was  curious 
to  know  if  it  was  not  polfibie  to  connect  with  the  form  of  the 
obtufe  oCtahedron  in  queftion,  that  of  the  acute  oCtahedron, 
which  M.  de  Bournon  has  taken  for  the  type  of  his  third 
fpecies.  Let  P,  P/  (Pig.  2)  be  dill  an  obtufe  octahedron,  in 
which  the  incidence  of  P  on  p  is  reckoned  to  be  50°  4',  and 
that  of  P'  on  //,  65 9  S',  conformably  to  the  meafures  indicated 
above:  if  we  imagine  another  o&ahedron  (Pig.  3}  the  fign  of 

2  4 

D  F 

which  is  _  , ,  we  {hall  find  that  the  incidence  of  l  on  V  is 

2  4 

l  r 


The  differences 
in  the  angles  ac¬ 
counted  for. 


Comparifbn  of 
the  lamel  iform 
variety  with  the 
obtufe  octahe¬ 
dron. 


109°,  and  that  of  r  on  r'  is  93®  36'.  Now  the  correfpondent 
incidences  determined  by  M.  de  Bournon,  are  one  1  12°,  and 
the  other  96°;  which  in  one  cafe  makes  a  difference  of  3°, 
and  in  the  other  of  2U  24'. 

If  the  meafures  had  been  taken  on  cryftals  fo  well  defined, 
that  the  differences  could  be  confidered  as  real,  we  mu  ft  have 
concluded  that  they  formed  two  diftinft  fpecies,  becaufe-even 
thefe  differences  could  only  have  been  done  away  by  fuppofing 
the  laws  of  decrement  to  be  much  too  complicated  to  be  ad- 
miflible. 

But  if  the  cry  ftals  were  not  capable  of  very  accurate  meafure- 
ment,  we  can  the  better  conceive  that  the  differences  were 
limply  apparent,  and  that  it  may  be  poflible  that,  the  error  did 
not  wholly  arife  in  one  obfervation,  fince  it  was  neceffary  to 
make  two,  in  which  fmall  deviations  might  have  been  pro¬ 
duced  on  oppoftte  Tides ;  and  then  mechanical  divifion  alone, 
by  giving  different  refults  with  refpedi  to  the  two  odahedra, 
would  have  fhown  that  a  conformity  between  the  angles  ob- 
ferved  and  thofe  meafured,  would  be  purely  accidental. 

I  afterw  ards  compared  the  lamelliform  variety  with  alternate 
bevils,  which  is  the  fecond  fpecies  of  M.  de  Bournon,  writh  the 
fame  octahedron  with  obtule  fummits.  Now,  if  we  fuppofe 
two  interfering  planes,  parallel  to  the  face  P',  and  w  hich  meet 
the  center,  they  will  detach  an  octahedral  fegment  which  can¬ 
not  be  fuppofed  to  have  much  thicknefs,  and  whofe  two  large 
faces  will  be  hexagons,  and  the  fix  lateral  faces,  trapeziums. 


*  Journ.  de  Plyfiyue,  Pluviofe,  An.  X,  p.  131. 
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inclined  to  the  great  faces  *.  But  thefe  trapeziums  will  not  be 
fituated  alternately  in  oppotite  diredions.  The  three  which 
will  form  obtufe  angles  with  the  large  faces,  will  be  contiguous 
to  each  other,  and  the  fame  will  be  the  cafe  with  thofe  which 
form  acute  angles  with  the  fame  faces.  For  example,  thofe 
ot  the  trapeziums  which  form  obtufe  angles  with  the  large  face 
analogous  to  P' ,  will  correfpond  to  the  two  faces  of  the  adja¬ 
cent  odahedra  at  B,  B\  and  to  the  face  fituated  behind  A, 
parallel  to  P.  The  inclination  of  this  latter  face  on  P  is,  ac¬ 
cording  to  M.  de  Rournon,  113°;  and  the  two  others,  as  I 
have  indicated  them  above  according  to  my  calculations,  are 
each  about  139^°. 

Now,  of  the  three  lateral  trapeziums  in  the  lamelliform  ar- 
fenical  copper,  one  has  the  fame  inclination  of  1 15°  on  this 
bafe,  according  to  M.  de  Bournon,  and  the  two  others  have 
135°;  an  effimate  which  he  only  gives  as  an  approximation, 
and  which  only  differs  by  4f  °  from  that  correfponding  to  it  in 
the  obtufe  odahedron,  ( Fig.  2). 

The  great  difference  confifts  in  this,  that  the  three  lateral 
trapeziums  which  look  towards  the  fame  bafe,  in  the  odahedral 
fegment  I  have  defenbed,  are  contiguous  to  each  other,  as  I 
have  (aid  ;  while  thofe  of  the  lamelliform  arfeniated  copper 
alternate  with  the  three  others  which  look  towards  the  oppofite 
bafe  f . 

But  there  is  a  method  of  removing  this  difficulty.  Let  us 
conceive  that  the  two  fedions  made  in  the  odahedron  (Fig.  2), 
inffead  of  being  parallel  to  the  face  P',  are  fo  to  the  face  P. 
In  this  cafe  the  lateral  trapeziums,  fituated  on  the  two  tides  of 
the  edges  B,  B' ,  will  always  have  an  inclination  of  139 1-^  to 
the  fuperior  bafe.  Now,  if  the  fegment  parallel  to^?  makes  an 
angle  of  113°  with  the  bafe  analogous  to  P,  the  three  feg- 
ments  will  preferve,  with  refped  to  thofe  turned  towards  the 
oppofite  bafe,  the  alternation  indicated  by  M.  de  Bournon, 

*  Several  fubftances,  among  others  the  fpinelle,  offer  examples 
of  fimilar  fegments. 

f  The  figure  given  by  M.  de  Bournon,  of  which  that  is  a  copy 
in  Plate  XL  Fig.  5,  feems  to  have  been  traced  according  to  th« 
condition  that  the  three  trapeziums  turned  towards  the  fame  bafe 
fhould  be  contiguous.  This  was  dcubtlefs  an  overfight  of  the 
draughtfman. 

Voi,  VIII. — July,  ISO!  0  But 
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Their  dlvifion 
into  four  fpecies 
is  not  admitted 
by  the  laws  of 
(truCturc, 


Companion  of 
Mr.  Chenevix’s 
analyfes  and  M. 
de  Bournon’ s  di 
vifion. 


But  the  incidence  of  p  on  P  gives,  on  the  contrary,  an  acute 
angle  of  50p.  Now,  let  us  imagine  a  decrement  indicated  by 
tD,  which  adts  on  the  face  p  and  on  that  which  is  oppofite  ;  the 
faces  produced  will  be  fitualed  vertically  ;  whence  it  follows 
that  that  which  will  malk  the  face  p  will  form  an  angle  with  P 
equal  to  90°  plus  26°,  which  is  the  half  of  the  inclination  of  p 
to  P,  that  is  to  fay,  the  angle  in  queftion  will  be  115°,  con¬ 
formably  to  obfervation  *. 

1  fhall  not  urge  thefe  refults  farther,  which,  as  I  have  already 
ftated,  I  only  offer  as  purely  hypothetical  ;  and  I  fhall  abftain 
from  adding  my  opinion  with  refpedt  to  the  fourth  of  the  fpe¬ 
cies  admitted  by  M.  de  Bournon,  which,  according  to  him,  has 
the  equilateral  triangular  prifm-  for  a  primitive  form.  It  is 
enough  for  me  to  have  fhown  that,  with  refpect  to  the  divifion 
of  arfeniated  copper  into  four  diftindt  fpecies,  the  law  s  of  the 
Itrudture  may  give  rife  to  doubts  which  deferve  fome  attention. 
If  they  can  be  removed,  as  it  is  not  impoftible  they  may,  an¬ 
other  proof  will  be  obtained  in  favour  of  an  opinion  on  which 
no  obfeurity  fliould  remain,  that  it  may  be  worthy  of  being  una- 
nimoufly  adopted. 

If  we  now  confider  the  refults  of  the  analyfes  which  Mr. 
Chenevix  has  made  of  the  different  modifications  of  arfeniated 
copper,  we  find,  that  in  fuch  of  thefe  analyfes  as  have  had  for 
their  object  the  types  of  the  four  fpecies  admitted  by  M.  de 
Bournon,  three  have  given  fenfible  differences  in  the  relative 
quantities  of  copper,  arfenic  acid,  an(J  water.  Thefe  analyfes 
correfpond  with  the  firft,  third,  and  fourth  fpecies.  Another 
analysis,  made  on  the  fecond  fpecies,  gave  only  copper  and 
arfenic  acid,  without  water.  Thus,  fuppofing  that  the  rela¬ 
tions  between  the  quantities  of  the  three  principles  contained 
in  the  modifications  which  Mr.  Chenevix  calls  arfeniates  of 
hidrate  of  copper ,  conhitute  true  limits,  and  that,  in  the  mo¬ 
dification  which  he  calls  limply  arfeniate  of  copper,  the  abfence 
of  w'ater  depends  on  the  nature  of  the  fubftance  itfelf;  we 
fhall,  in  this  refpedt,  find  an  agreement  between  the  refults  of 

*  I  have  a  lamelliform  cryftal,  on  which,  inftead  of  a  fimple 
bevil,  there  are  two,  filuated  in  contrary  directions  on  the  fides  of 
the  fame  edge;  but  they  are  too  linall  for  it  to  be  pofiible  to  deter¬ 
mine  the  pofitions  exn&ly, 
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analyfis  and  thofe  of  cryftallography,  very  favourable  to  the 
fubdivifion  of  the  mineral  in  quell  ion,  into  four  diflinft 
fpecies. 

But  Cit.  Vauquelin,  on  analyfing  a  piece  of  lamelliform-ar-  Vauquelin’s 
feniated  copper,  whofe  cryffals  were  quite  frefh,  obtained  a 
very  different  relation  between  the  quantities  of  the  three  prin-  feniate* 
eiples*.  H  is  refult  was  as  follows : 


Oxide  of  copper 

-  *  39 

Arfenic  acid 

-  43 

Water  -  - 

17 

Lofs 

-  *  -  i 

- 

100 

It  is  remarkable  in  this  cafe,  that  the  quantity  of  acid  ex- 
ceeds  that  of  the  copper,  while  in  the  refult  obtained  by  Mr. 

Chenevix  it  forms  only  a  little  more  than  a  third  of  the  quantity 
of  copper.  It  is  not  therefore  evident  that  the  limits  indi¬ 
cated  by  this  celebrated  chemifl  are  effential  to  the  fubflances 
analyfed. 

The  experiments  of  the  fame  philofophers  on  the  capillary  and  of  the  ca- 
cryftals,  offer  differences  not  lefs  ft  liking.  According  to  Cit.Plllary  cryftal$* 
Vauquelin  thefe  cry  dais  contain, 

*  Mr.  Chenevix,  in  his  memoir,  gives  a  paffage  from  a  letter 
Vvhich  Citizen  Vauquelin  had  written  to  him,  and  in  which  he  in¬ 
formed  him,  that  having  analyzed  cryftals  of  the  lamelliform  va¬ 
riety,  he  found  that  they  were  compofed  of  59  of  oxide  of  copper 
and  41  of  arfenic  acid*  Mr.  Chenevix  adds,  that  the  great  differ- 
ence  between  this  refult  and  that  which  he  had  himfelf  obtained 
from  the  fame  fubftance,  induced  him  to  repeat  his  analyfis  with 
great  care  and  attention,  and  that  he  conftantly  found  the  lame 
proportions  of  oxide  of  copper,  arfenic,  and  water.  It  is  very 
probable  that  this  refult  announced  by  Cit.  Vauquelin,  and  fo  dif¬ 
ferent  on  the  other  hand  from  that  now  given,  was  obtained  in  a 
firft  effay,  or  that  this  chemifl,  when  he  wrote  to  Mr.  Chenevix, 
trufled  to  his  memory,  which  was  not  fo  faithful  as  it  generally  is* 

However  that  may  have  been,  the  only  refult  avowed  by  Cit.  Vau- 
apielin  is  that  we  now  publifh,  and  which  he  has  inferted  in  the 
Journal  des  Mines ,  No.  55,  p.  562. 
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Khnroth’s  ana¬ 
lysis. 


Mr.  Chencvix’: 
nfults  do  not 
agr^e  wit’.i  of 
thofe  of  M.  ds 
Bournon. 


Silox  -  -  -  -  2 

Water  -  -  -  -5 

Arfeniate  of  iron  -  -  -  7  to  S 

Arfeniate  of  copper  -  -  -  86 

1 00 

This  ehemift  adds,  that  if  the  arfeniate  of  copper  did  not 
contain  any  foreign  matter,  it  would  be  formed  of  about  69 
parts  of  oxide  of  copper  and  31  of  arfenic  acid. 

We  have  another  refult  on  the  fame  fubjedt,  obtained  by 
M.  Klaproth,  whofe  labours  have  concurred  fo  advantageoufl  v 
with  thofe  of  Vauquelin,  to  procure  an  exa£t  knowledge  of 
the  compofition  of  minerals.  His  refult  gave. 


Oxtde  of  copper 

50.62 

Arfenic  acid 

-  45.00 

Water  - 

3.50 

Lofs 

88 

100.00* 


The  quantity  of  copper  is  nearly  the  fame  as  in  Mr.  Chene- 
vix's  refult  ;  but  on  one  fide  we  find  45  of  acid  with  3.5  of 
wafer,  and  on  the  other  only  29  of  acid  and  18  of  water; 
which  is  very  different. 

Befides,  we  need  only  keep  to  Mr.  Chenevix’s  own  refults 
to  find  difficulties  and  caufes  of  uncertainty  ;  for  while  this 
celebrated  ehemift  obtained  a  very  fenfible  quantity  of  water 
from  the  capillary  cryftals  and  the  mammellated  mattes,  thefe 
two  modifications  were  confidered  by  M.  de  Bournon  as  tirnple 
varieties  of  the  third  fpecies,  which  is  the  acute  octahedron, 
and  which  gave  only  copper  and  arfenic  acid  without  wafer. 
Further,  if  the  analyfes  of  the  capillary  cryftals  and  of  the 
mammellated  maffes,  are  compared  with  that  of  the  cryftals 
in  trihedral  prifms,  it  will  be  feen  that  the  differences  do  not 
exceed  thofe  which  are  frequently  met  with  between  the  ana¬ 
lyses  of  feveral  pieces  which  evidently  belong  to  the  fame 
fpecies  of  mineral. 

•  I  add,  that  M.  de  Bournon  feems  to  have  had  more  au¬ 
thority  for  conti dering  the  capillary  cry  Hals  and  the  ruammel- 

*  Addition s  a  la  Connoijfanci  chimiquts  dcs  Mina aux,  p.  192. 
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iated  concretions  as  timple  varieties  of  the  acute  oC^ahedron, 
fince  he  indicates  the  intermediate  modifications  which  con¬ 
nect  thefe  varieties  with  their  type  ;  Id  that,  according  to  him, 
there  are  cr)  ftais  which  are  perfectly  determined  in  one  part  of 
their  length,  and  fibrous  at  their  extremity. 

M.  de  Bournon,  doubtlefs  liruck  with  the  exception  which  A  fpecln 
the  agreement  between  the  two  Iciences,  announced  by  Mr. ProPoled> 
Chenevix  and  himfelf,  feemed  liable  to,  in  this  infiance,  has 
fi  nee  infer  ted  in  Mr.  Nicholfon's  Journal  *  a  note,  in  which  he 
propofes  to  eftabhfh  a  fifth  fpecies  of  arfeniated  copper, 
compofed  of  the  capillary  cryftals  and  mammellated  maffes, 
which  feems  to  operate  lefs  in  removing  the  difficulty  than  in 
bringing  it  to  light. 

It  be  denied  that  the  modifications  of  arfeniated  cop- External  differ- 

per  -r  •enfide  differences  in  their  alpe<5t,  their  exterior  ence,s  ^*oul.d  . 

•  ^  r  not  be  admitted 

forms,  ano  their  colours.  M.  de  Bournon  alio  indicates  fome  aLone as  evidence 
in  the;  barrinefs  and  in  their  fpecific  gravities.  But  the a, 
re  chon  c  na  ural  beings  to  (he  fmalleft  pothble  number  0f^>eCies* 
fpecii-  ea  y  ddtinct,  is  an  advantage  of  fuch  value  to  icience, 
whir  .  perl- ctionates  by  innplifying  it,  that,  before  feparating 
lubftances,  according  to  thole  divert] ties  which  feem  to  be  at 
variance  with  the  relations  which  they  other  wife  iiave,  and  be¬ 
fore  feeking  particular  fpecific  names  for  them,  which  would 
be  neceflary,  all  the  means  of  afeertaining  that  the  diverfities 
in  queftionare  not  purely  accidental,  fhould  be  exhaufled.  Even 
though  the  refearches  which  ftill  remain  to  be  made  for  the 
accomplifhment  of  this  object,  fhould  have  no  other  effect  but 
to  caule  the  difappearance  of  one  fingle  fpecies,  admitted  by 
the  twro  celebrated  men  whole  refults  I  have  fet  forth,  from 
the  fyftem,  they  will  not  be  unprofitable  to  the  progrefs  of 
mineralogy. 

***  A  reply  communicated  by  the  Count  de  Bournon  will 

appear  in  our  next. 

*  Philofophical  Journal,  new  Series.  Vpl.  VIJ.  p.  577. 
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Nieholfon, 


Ohfcrcations  upon  the  DoSirine  of  Count  Rum  ford  refpcCting  the 
leant  of  duett  conducting  Power  m  Fluids  with  regard  to 
Heat.  By  Cit.  Bertholllt. 

(Concluded  from  page  140.,) 

1.  AM  of  opinion,  that  the  experiments  of  Nicholfon,  of 
Thomplon  and  Yhompfon,  and  of  Murray,  leave  no  doubt  on  the  com- 

IViurray  have  *  J  t 

proved,  that  heat  munication  of  heal  between  the  particles  of  liquids:  (ome  of 
patfes  t^rough^  them  fhow  that  the  motions  of  the  folid  corpufcules  which 
fluids  j  that  cur- are  agitated  in  a  liquid,  may  often  miflead,  with  refpeCt  to 
rents  are  often  the  currents  which  are  believed  to  be  perceptible  :  but  their 

that8 flu IsVffer  exigence  muft  not,  for  this  reafon,  be  denied,  when  a  dif- 
in  conducting  ference  between  the  fpecific  gravities  is  fuddenly  efiablifhed, 
power.  and  when  the  heat  is  communicated  at  the  lower  part  of  a 

velfel.  The  others  prove  that  the  communication  of  heat 
may  be  made  through  a  liquid  in  which  no  current  can  be 
fuppofed  to  tranfport  it  immediately  to  a  folid  body,  and  they 
prove  that  liquids  are  poffeffed  of  a  conducing  faculty  which 
differs  in  its  intenfity  ;  but  it  is  not  to  be  interred  from  this, 
that  the  locomotion  of  I  he  particles  of  liquids  does  not  con¬ 
tribute  to  eflablifh  an  equilibrium  of  temperature  more  fpeedily : 
it  is  even  probable,  that  the  latter  eflfeft  is  generally  the 
greateft. 

T’nefe  general  The  foregoing  confiderations,  into  which  I  have  admitted 
fads  account  for  the  application  of  the  faculty  of  communicating  heat  common 
to  all  bodies,  of  the  conducting  difference,  and  of  the  more 
fpeedy  diflribution  of  heat  by  means  of  the  difference  of  the 
fpecific  gravity  which  it  introduces  between  the  particles  of  a 
fluid,  feem  to  me  to  account  for  all  the  phenomena  which  the 
difeernment  of  Rundord  has  made  public. 

That  t»afes  rc-  Thefe  conlideralions  lead  me  to  an  opinion  very  different 
ceive  heat  very  from  his ;  it  is  known  with  w  hat  rapidity  the  thermofeopes, 

rapidly,  is  feen  .  .  .  .. 

in  the  expanfion  or  air  thermometers,  indicate  the  variations  of  temperature  : 

ofairther-  P,£tet  could  not  obferve  a  fecond  of  difference  between  the 

shr  balloons."  elevation  of  a  thermometer  of  this  defcription,  and  the 

emanation  of  radiant  heat  by  a  body  placed  at  a  difiance:  it 
has  been  oblervcd,  that  aeroflats  experience  a  fudden  dilata¬ 
tion 


all  the  phe¬ 
nomena 
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tion  by  the  appearance  of  the  fun  *;  thefe  phenomena  feem 
to  me  to  indicate  that  the  elaflic  fluids,  far  from  being  bad 
conductors,  on  the  contrary,  receive  the  temperature  ot  other 
bodies  very  quickly;  for,  can  it  be  fuppoled  that  all  the 
particles  of  the  gas  take  the  temperature  which  they  acquire 
by  the  confaCt  of  the  covering  of  the  balloon  alone,  and  how 
can  it  be  conceived,  that  the  lower  particles,  which  are  con* 
tiguous  to  that  portion  of  the  coverings  which  does  not  receive 
the  folar  emanations,  (liould  be  carried  towards  that  which  is  ex- 
pofed  to  it?  And  fince  thefe  particles  at  each  conla&  only 
receive  a  part  of  the  temperature  to  which  they  attain,  what 
a  prodigious  whirlwind  muff  there  be  fuppoled  to  be  in  the 
gas!  •  • 

It  appears  to  me,  that  the  elaflic  fluids,  inflead  of  being  The  flow  con- 
bad  conductors,  polfefs  this  property  in  a  high  degree,  al-  ^n* 

though  they  probably  differ  from  each  other  in  this  refpeCt ;  cribed  to  fume 
and  if  air  which  is  confined  produces  effects  which  feem  to  modification, 
prove  the  contrary,  they  are  owing  to  fome  circumftance 
which  modifies  this  property. 

I  think  it  is  probable,  that  this  circumftance  is  the  Rate  of  The  gas  is  pro- 

compreffion  produced  in  a  g as  whic  h  cannot  acquire  a  dilata-  ^abiy  Preyente^ 

.  1  °  .  J  frorr.  acquiring 

tion  (uitable  to  the  temperature  it  receives  ;  we  have  feen  that  hear,  becaufe  it 

caloiic,  in  combining  with  the  gafes,  only  raifes  the  tempera-  cannot  expand  in 

ture  becaufe  the  dilatation  meets  with  an  obftacle  (107); 

hence  it  refults,  that  the  further  the  air  is  removed  from  the 

Hate  of  dilatation,  w’hich  it  fhould  have,  to  be  in  equilibrium 

of  temperature,  the  greater  refinance  will  it  oppofe  to  the 

combination  of  the  caloric,  and  the  more  will  it  lofe  of  its 

conducing  faculty,  fo  that  the  air  which  would  take  the 

temperature  of  the  furrounding  bodies  with  facility,  if  it 

could  acquire  fuitable  dimensions  under  a  given  preffure, 

becomes  a  worfe  and  worle  conductor  in  proportion  as  it  re-  ,  <* 

ceives  a  temperature  farther  removed  from  the  dimenfions 

which  it  can  take.  The  air  then  experiences  an  effeCt,  which 

may  be  compared  to  that  of  a  body  in  which  the  force  of 

cohefion  obftruCts  the  aCtion  of  a  liquid,  which  can  effeCt  its' 

Solution  as  foon  as  this  obftruCtion  begins  to  be  diminilhed. 

This  explanation  is  applicable  to  the  confervative  property  The  effect  of 
of  heat,  which  Rumford  has  proved  to  belong  to  the  air  <;iaer 

which  adheres  to  particles,  (uch  as  thole  ot  the  eider-down  ;  pi.  vent  the 

currents,  than  to 

*  Defcrip.  de  l’aerolfat  de  l’Acad.  de  Dijon.  oppofe  the  ex- 

til  is 
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panfi«n  by  its  tins  air  only  adheres  by  a  true  affinity,  which  probably  reduces 
which  the  air  ,l*  unnenlions,  or  at  lead,  oppofes  its  dilatation  ;  and  if  the 
adheres  to  it.  water  can  drive  it  off,  it  is  only  becaufe  it  combines  with 

tliefe  fubdances,  and  adheres  to  their  firface  by  its  affinity  ; 
fo  that  the  air  will  then  experience  the  fame  effect  from  the 
adlion  of  the  affinity  of  the  bodies  to  which  it  is  adherent, 
as  is  produced  on  its  elaflic  effort,  by  the  (pace  within  which 
it  is  confined,  and  in  which  it  receives  a  higher  temperature 
without  having  the  power  to  dilate. 

So  that  elaft'c  J  hus  the  elaffic  fluids  which  dilate  much  more  by  a  fimilar 

^  ter  able*  ?n  their  c^anSe  temperature  than  liquids  and  folids,  mutt  have  the 

volume,  are  correfpondmg  faculty  of  entering  more  eafily  into  combma- 

a  fo  more  difpoftrd  tion  with  caloric:  they  offer  but  Itttle  retiftance  to  compref- 
to  give  and  take  /  * 

heat.  hon  ;  they  heat  by  the  reduction  of  their  volume ;  and  they 

cool  when  they  dilate  :  do  not  thefe  effects  announce  a  great 
difpolition  to  combine  with  caloric,  or  to  abandon  it,  and  to 
receive  different  degrees  of  faturation  from  it?  and  never- 
thelefs,  according  to  the  opinion  of  Rumford,  there  muff  be 
an  infurmountable  barrier  between  the  mod  diffant  tempera¬ 
tures,  of  the  different  particles  of  a  gas,  when  the  particles 
do  not  meet  with  a  folid  body. 

The  fame  doc-  R  is  poffible,  that  liquid  fubdances  may  be  much  better 

thne  applied  to  calculated  to  conduCl  heat  than  When  they  are  in  a  folid  date; 
liquid  water :  .  r  .  .  ,  . 

Sudden  accumu- t,ie  properties  of  the  reciprocal  affinity  which  produces  colle¬ 
ction  or  abforp-  don,  feem  to  point  this  out  :  for  fince  this  affinity  oppofes  the 
it  conduas  dilatation,  it  will  offer  an  obftacle  to  the  combination  of  the 
caloric  :  this  refinance  to  its  introduction  is  alfo  proved  by  the 
quick  accumulation  which  is  made  of  it,  as  foon  as  the  force 
of  cohc  don  is  ded roved,  fo  that  it  is  oppofed  to  the  com- 
bination  of  caloric,  as  well  as  to  that  of  other  fubdances;  in 
fa Ct,  water  feems  to  take  the  common  temperature  more 
ratify,  independent  of  the  locomotion  of  its  particles,  than 
ice,  which  is  a  very  had  conductor,  and  it  is  perhaps  from 
this  difference,  that  ice,  and  all  the  folids  which  pafs  to  the 
liquid  date,  liquefy  at  the  furface,  indead  of  taking  the 
common  temperature. 

I  only  oiler  thefe  lad  explanations  as  conjectures,  which  may 
invite  to  experimental  enquiries  on  a  fubjeCt  which  is  not 
indifferent  to  chemical  theory. 


better  than  ice, 
&c. 


A  Mtmoir 


MOTIONS  OF  FLUIDS. 


XIII. 

A  Memoir  on  the  Movements  which  certain  Fluids  receive  from, 
the  Contact  of  other  Fluids  *.  By  J.  Draparnaud,  Curator 
and  Frojcjfor  of  Natural  Hi  ft  or y,  at  the  Medicinal  School  of 
Montpelier . 

1  HAD  obferved  that  alcohol  attacks,  and  finilhes  by  even, 
at  length,  destroying  the  calcareous  covering  ot  the  mollufcae,  alcohol  which 
which  are  put  into  it  to  be  preferved.  Suppofing  that  this  led  t0  th® 
might  arile  from  the  alcohol,  particularly  tnat  vvmch  is  not  jmpUife, 
well  rectified,  containing  a  little  acetous  acid,  I  put  a  little 
tincture  of  turnfole  into  a  glafs  capiule,  and  poured  into  it  a 
a  few  drops  of  alcohol.  The  tindure  did  not  change  colour, 
but  to  my  great  (urprife  it  moved  towards  the  circumference 
with  great  vivacity,  leaving  the  bottom  ot  the  capiule  un¬ 
covered  :  when  it  had  reached  the  maximum  of  difperfion,  it 
returned  again,  and  covered  the  bottom  of  the  veffel  which  it 
had  abandoned.  It  is  evident,  therefore,  that  milling  what  I 
fought,  I  found  that  which  I  did  not  feek,  which  frequently 
occurs  in  the  courfe  of  experiments. 

This  curious  experiment  induced  me  to  make  a  multitude  Prevo^  * 

r  incurs  on  tne 

of  others,  and  to  try  a  great  number  of  fubflances.  At  the  emanation*  of 
moment  of  putting  thele  experiments  in  order,  and  of  com-  odorant  bodies, 
poling  this  memoir,  I  recollected  having  read  that  M.  Benedict 
Frevojl  had  produced  this  repulfion  of  water  by  means  of 
volatile  oils,  and  even  of  many  folicl  odorant  bodies.  I  there¬ 
fore  confulted  the  two  memoirs  which  this  ingenious  phi- 
iolopher  has  inferled  in  the  Annals,  and  whofe  fubjeCt  is,  Ihe 
methods  of  rendering  the  emanations  oj  odorant  bodies fenjible  to 
the  fight  Although  my  experiments  were  made  with  another 

view,  1  pafs  over,  in  iilenee,  all  which  are  conformable  to 
thofe  of  M.  Prevofi ,  and  which  I  made  by  employing  the  fame 
fubflances  :  I  fhall  only  fpeak  of  thofe  which  differ  from  his, 
either  in  the  refults  obtained,  or  in  the  means  employed. 

1.  If  a  thin  ftratum  of  water  is  put  on  the  bottom  of  a  A&ion  of  alcohol 

,  r  , ,  *  on  water. 

veffel,  and  a  drop  of  alcohol  is  brought  to  the  centre  ot  this 

*  From  the  Annales  de  Chimie.  Fru&idor,  An.  XI, 

•f  Annales  de  Chimie,  Tom.  XXI.  et  XXIV, 


ilratum. 


202 


MOTIONS  OF  FLUIDS. 


Ditk  of  difper- 
Con. 


The  repitition  of 
the  experiment 
lefTens  its 
•  Ceils. 


Influence  of  the 
veflels. 


Motion  of  the 
expelled  fluid  5 


1 


and  of  the  im¬ 
pelling  fluid. 


ftratum,  with  a  glafs  rod,  the  water  ilies  in  an  inftant  with 
vivacity,  leaving  the  bottom  of  the  veflel  uncovered;  when 
it  has  reached  the  maximum  of  difperfion  it  returns,  and 
covers  again  the  bottom  of  the  veflel  which  it  had  quitted. 

2.  I  call  that  part  of  the  veflel  which  is  abandoned  by  the 
water  the  dijk  of  difperfion.  In  the  preceding  experiment, 
this  ditk  fhows  a  perfect  drynefs  and  all  its  natural  pohth. 

3.  The  repulfion  becomes  lefs  confiderable,  and  thedifk  of 
difperfion  fmailer,  in  proportion  as  the  experiment  is  repeated 
in  the  tame  water.  This  arifes  from  the  water  becoming  gra¬ 
dually  faturated  with  alcohol. 

4.  The  nature  of  the  veflels  has  no  influence  on  the  preced¬ 
ing  experiment,  nor  011  thofe  which  follow.  They  take  place 
equally  in  veflels  of  porcelain,  earthern  ware,  giats  or 
metal. 

5.  The  form  of  the  veflels  has  much  influence  on  the 
fecond  period  of  the  phenomenon,  that  is  to  fay,  on  the 
return  of  the  water,  and  on  the  difappearance  of  the  ditk 
of  difperfion. 

If  the  veflel  is  a  little  concave,  the  water  always  comes 
back,  and  covers  the  bottom  of  the  veflel  again.  It  will  be 
obvious,  that  this  is  the  neceflary  efledl  of  its  gravity. 

If  the  veflel  is  flat,  the  water  only  returns  when  the  ditk  of 
difperfion  has  not  attained  too  great  a  diameter. 

If  the  bottom  of  the  veflel  is  a  little  convex,  the  water 
does  not  return  after  having  been  difperfed,  and  it  mufl  be 
evident,  that  to  do  fo  it  would  a 61  contrary  to  the  operation 
of  its  own  gravity. 

6.  Being  deflrous  to  render  the  obfervation  of  the  motions 
of  the  expelled  fluid  eafier  and  more  perfect,  I  fubfliluted 
tindture  of  turnfole,  which,  as  is  known,  is  only  water 
coloured  by  turnfole,  for  pure  water.  The  relults  were  the 
fame,  but  much  more  fenfible;  and  I  could  then  readily 
diflinguifli  an  undulating  or  trembling  motion  on  the  internal 
edge  of  the  water  which  furrounds  the  ditk  of  difpeiflon  ;  a 
motion  which  proves  the  continual  emifiion  of  the  alcoholic 
particles  againfl  this  interior  edge,  and  determines  the  removal 
of  the  w'ater. 

7.  But  to  complete  the  proof  of  the  explanation-  which  I 
have  juft  given  of  the  phenomenon,  it  wras  alfo  neceflary  to 
render  the  motions  of  the  impelling  fluid  fenflble  :  1  fucceeded 

by 
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by  an  analogous  procefs.  I  coloured  alcohol  by  means  of 
turnfole ;  with  this  fubftance  it  takes  a  very  beautiful  colour 
which  is  not  at  all  firailar  to  the  violet  blue  of  tindtureof  turn¬ 
fole,  but,  on  the  contrary,  is  of  a  very  vivid  blue,  analogous 
to  that  of  indigo,  or  pruflian  blue.  I  then  wetted  the  bottom 
of  a  p  ate  with  pure  water,  and,  with  a  glals  rod,  brought 
a  drop  of  this  coloured  alcohol  to  the  centre:  the  water  was 
driven  back  with  vivacity.  In  the  centre  of  the  difk  of  dif- 
perfion  was  a  blue  (pot,  formed  by  the  coloured  alcohol,  and 
the  red  of  the  dilk  was  white  like  the  bottom  of  the  plate. 

But  the  proof  of  the  actual  continual  emiflion  of  the  coloured 
alcoholic  particles,  is  that  as  the  water  retired,  its  internal 
edge,  which  touched  the  difk  of  difperfion,  became  more  and 
more  of  a  violet  colour,  analogous  to  that  of  tincture  of  turn¬ 
fole  prepared  with  water.  It  is  evident,  therefore  that  in 
natural  philofophy,  fadls  are  explained  by  fa£ts,  and,  that  this 
experiment  confirms  the  confequence  I  had  deduced  from  the 
preceding  experiment. 

8.  If  the  plate  is  wetted  with  the  alcohol,  and  a  drop  of  Water  does  not 

I  t  i  ,  i  i  .  •  repel  alcohol. 

water  is  put  into  the  centre,  the  alcohol  does  not  experience 
any  motion  ;  the  drop  of  water  flattens,  it  retains  its  orbicular 
form  for  fome  moments,  at  length  it  finifhes  by  fpreading 
irregularly,  mixing  with  the  alcohol,  and  uniting  with  it. 

9.  If  the  bottom  of  the  plate  is  covered  with  a  very  thin  Oil  is  repelled 
flratum  of  olive  oil,  and  a  cirop  of  alcohol  is  brought  to  the 

centre,  the  oil  is  repelled,  though  more  flowly  than  the  water 
on  account  of  its  vifcofity,  and  the  bottom  of  the  plate  is  left 
dry. 

If  the  flratum  of  oil  is  too  thick,  it  will  not  quit  the  bottom 
of  the  plaie,  and  the  expanflve  motion  of  the  alcohol  takes 
place  only  on  the  fuperfices  of  the  oil. 

10.  If  a  morfel  of  the  frefh  rind  of  lemon  or  orange  is  The  elTential  oil 
placed  in  the  centre  of  a  wetted  plate,  the  water  is  fenfibly  Q^gerind"  prc_ 
repelled,  and  the  difk  of  difperfion  is  agreeably  tinged  with  duces  repullion, 
the  prifmatic  colours,  which  depends  on  the  difengagement  of but  weaker, 
the  eflential  oil.  But  this  motion  lias  not  nearly  fo  much  in¬ 
tensity  as  that  produced  by  means  of  alcohol. 

11.  Convinced  by  the  preceding  experiments  that  every  The  affinity  of 

volatile  fluid  at  the  atmolpheric  preflure,  was  capable  of  pro-  ai7imonia  for 

1  .  water  prevented 

ducing  this  repulflve  movement,  I  employed  liquid  ammonia.  jts  repu|fiVe 
I  therefore  wetted  the  plate  in  the  ufual  manner,  and  brought  a^*onJ 

a  drop 
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which  was  tx- 
ercifcd  in  olive 

oil. 


Ammonia  does 
not  repel  alcohol: 


but  alcohol  re¬ 
pels  ammonia. 


Olive-oil  and 
water  have  no 
repulfive  adtion. 


a  drop  of  volatile  alkali  to  the  centre.  What  was  my  furprife 
to  obferve,  that  the  flighted  motion  was  not  manifefted  in  the 
water;  I  however  fufpeCted  thecaufe,  and  believed  that  this 
apparent  anomaly  was  owing  to  the  ammonia,  which,  having 
a  very  great  affinity  with  water,  combined  with  it  at  the  inftant 
of  their  contaCt. 

12.  I  refolved,  therefore,  to  fubflitute  a  fluid  to  the  w'ater, 
which  had  lefs  affinity  with  ammonia,  and  I  chofe  olive-oil, 
which  I  had  at  hand.  I  again  covered  the  bottom  of  the 
plate  with  a  thin  layer  of  this  oil,  and  brought  a  drop  of  the 
ammonia  to  the  centre:  the  oil  was  inflantaneoufly  repelled, 
as  it  had  been  by  the  alcohol. 

13.  If  the  plate  be  wetted  with  alcohol,  and  a  drop  of 
ammonia  is  put  into  the  centre,  the  alcohol  is  not  repelled, 
the  drop  of  ammonia  flattens,  and  the  two  liquors  evaporate. 

I  thought  I  perceived  a  flight  tremulation  on  the  edge  of  the 
drop  of  ammonia. 

14.  If  the  plate  be  wetted  with  ammonia,  and  a  drop  of 
alcohol  is  brought  to  the  centre,  the  ammonia  is  repulfed  like 
pure  water.  It  appears,  therefore,  from  this  experiment, 
and  the  preceding,  that  the  horizontal  or  lateral  force  of  ex- 
panfion  of  the  alcohol  is  fuperior  to  that  of  the  ammonia. 

15.  A  drop  of  olive  oil  put  into  a  wetted  plate,  did  not 
produce  any  motion  in  the  water.  It  was  the  fame  with  water 
beat  up  with  oil  to  the  confidence  of  an  unguent.  M.  Praojl , 
in  his  memoirs,  feems  to  announce  refults  obtained  with  the 
fixed  oils,  which  are  contrary  to  my  experiments,  and  par¬ 
ticularly  to  thefe. 

I  fliall  not  enlarge  farther  on  experiments  which  feme  may, 
peihaps,  think  more  curious  than  uleful.  But  when  the  at¬ 
tractive  powers  of  yellow’  amber,  or  of  the  loadflone  were 
fuft  obferved,  neither  their  importance,  nor  the  aftonifhing 
dilcoveries  lo  which  they  have  fince  led,  were  fufpetted. 
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Letter  from  Mr,  Cuthbertson  refit’ Sling 

EleSlrical  Experiments. 


his  Galvanic  and 


To  Mr.  NICHOLSON. 


Dear  Sir, 

In  confequence  of  the  note  which  you  have  beenfo  obliging  Introduai.n. 
as  to  add  to  my  letter,  addrefled  to  Dr.  Pearfon,  mferted  in 
vour  Journal  for  this  month,  I  have  to  fay,  that  the  troughs 
were  ufed  collaterally :  I  (hall  now  be  happy  to  fee  your  re¬ 
marks.  It  appears,  that  I  ought  to  have  been  more  explicit, 
and  therefore,  I  beg  leave  to  offer  the  following  additional 

obfervations  *. 

The  two  laft  mentioned  experiments  in  the  letter  alluded 
to,  were  compared  with  common  elearica!  difeharges,  with 
a  view  to  prove  what  quantity  of  coated  glafs  would  be  re- 

quifite  to  ignite  the  fame  lengths  of  wire.  Experiment. 

Two  jars,  each  containing  about  170  fquare  inches  or  coated  peflage;ation  of 
fnrface,  were  fet  to  the  condudor  of  a  24  inch  Tingle  plate  wire  by  jars, 
elearical  machine,  with  my  univerfal  eledrometer  loaded 
with  31  grains,  (fee  Quarto  Journal,  Plate  XXII.  Voi.  II.) 


Pile  of  large 


*  I  ought  certainly  to  have  mentioned  the  arrangement  of  the 
troughs,  and  likewife  I  ought  not  to  have  faid  fo  vaguely,  that 
double  quantities  of  galvanic  fluid,  only  burn  double  lengths  of 
wire,  becaufe  I  am  ftrongly  of  opinion,  that  the  reafon  why  gal¬ 
vanic  difeharges  from  troughs  do  not  aft  upon  metals  in  the  fame 
ratio  as  common  eleftric  difeharges  do,  proceeds  from  fame  defect 

in  the  arrangement,  and  alfo  conftru£tion. 

I  find  in  my  notes  of  improvements  for  the  6th  of  June,  1S03,  ^ 

that  I  had  made  a  pile  of  Id  pairs  of  plates  of  10  inches  diameter, 
and  that  eight  of  them  laid  upon  each  other  in  the  ufual  manner, 
with  cloths  wetted  with  diluted  muriatic  acid,  burned  one  inch  of 
wire  of  1- 195th  part  of  an  inch  in  diameter,  and  that  Id  pairs 
burned  four  inches  of  the  fame  wire.  This  experiment  was  re¬ 
peated  on  the  8th  of  June,  with  the  fame  refult,  with  reipeft  to 
metals,  but  give  ftrong  and  loud  fpaiks  from  metal  to  metal,  luf- 
ficient  to  be  heard  at  300  yards  diftance,  which  iefult,  I  believe, 
has  never  been  obtained  from  troughs,  foas  to  be  heard,  indeed,  at 
any  diftance.  For  the  laft  experiment,  the  cloths  were  wetted  in 
n  ftrong  folution  ol  muriate  cl  ammonia* 

-  Eight 
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Eight  inches  of  the  fame  fort  of  wire  were  laid  in  the  circuit, 
57  revolutions  of  the  plate  caufed  the  electrometer  to  di(- 
charge  the  jars  which  ignited  the  wire  perfectly,  as  in  the 
ninth  experiment.  Then  fix  inches  of  the  wire  were  laid  in 
the  circuit,  and  the  above  number  of  revolutions  caufed  the 
difeharge,  the  wire  being  deflagerated  and  fufed  into  balls 
in  the  fame  manner  as  in  the  eighth  experiment. 

Dedu&ionas  to  Hence  I  conclude,  that  340  fquare  inches  of  coated  glafs 
eleftncity^ ProPerty  conftruCtcd,  will  bear  a  charge  equal  to  a  galvanic 
jar  and  a  pile.  battery  of  1080  fquare  inches  of  furface. 

Probability  that  The  refult  of  the  above  experiments  gives  me  reafon  to 

Mr.  Wilkinfon’s  that  there  is  a  mi  flake  refpeCting  the  diameter  of  the 

wire  was  thinner  .  .  .  \  °  .  . 

than  dated.  wire  ignited  by  Mr.  Wilkinfon’s  batteries,  as  mentioned  in 

your  Journal,  Vol.  VII.  p.  297,  to  which  you  refer,  becaufe 

to  ignite  one  half  inch  of  fteel  wire  of  one  feventieth  of  an  inch 

in  diameter ,  will  require  a  power  fufHcient  to  ignite  120  inches 

of  wire  ~-q  part  of  an  inch  in  diameter,  by  common  eleCtrical 

difeharges,  which  is  a  power  equal  to  two  of  my  common 

eleCtrical  batteries,  (fee  your  Quarto  Journal,  v^ol.  II.  p.  525.) 

The  greateft  power  of  60  pairs  of  6  inches  fquare  plates 
that  ever  has  been  known,  was  that  of  igniting  16  inches  of 
wire  of  T-^  part  of  an  inch  in  diameter.  Mr.  Wilkinfonh> 
trough  of  100  pairs  of  plates  of  4  inches  fquare  is  of  much 
Iefs  furface,  and  as  he  fays,  it  is  a  lefs  favourable  fize,  from 
which,  and  from  the  above  experiments,  I  conclude,  that  fuch 
a  battery  has  not  the  power  of  igniting  one  half  an  inch  of 
wire  of  one  feventieth  of  an  inch  in  diameter,  unlefs  galvanic 
difeharges  aft  upon  metals  in  fome  manner  different  to  common 
electrical  difeharges,  but  with  which  I  am  unacquainted  ; 
perhaps  Mr.  Wilkinfon  will  be  kind  enough  to  clear  up  this 
remark. 

I  am,  with  due  refpeft. 

Dear  Sir,  Your  very  humble  Servant, 
JOHN  CUTHBERTSON, 

Poland  Street ,  Soho, 

June  19,  1S04. 
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XV. 

Chemical  Examination  of  the  Ochroites ,  a  Mineral  not  hitherto 
well  known,  containing  a  New  Earth .  By  Klaproth  . 

i 

THE  foffil  which  forms  the  fubjea  of  the  prefent  analyfis,  Hijory  of  the 
and  to  which  I  have  given  the  name  of  ochroites,  for  reafons 
to  be  (fated  hereafter,  is  found  in  the  mine  of  Bafnaetes,  near 
Riddarhytta  in  Weftmannland. 

The  firft  account  of  this  mineral  we  owe  to  Cronfledt,  who  F.rtt  not,«d  b, 
furnitlied  a  defeription  of  it,  together  with  that  ol  another 
mineral,  found  at  Bifpberg  in  Delecarlien  f.  Scheete  con- 
iidered  both  as  fpecies  of  iron  ores,  and  gives  to  them  the 
name  of  lapis  ponderofus,  ponderous  done,  (fclnverftein)  or 
tungflen,  which  he  deferibes  in  his  mineralogy  as  terrum 
calciforme ,  terra  quadem  incognita  intime  mixtum  +.  He  like 
wife  examined  this  tungflen,  and  made  us  acquainted  with 
its  true  nature.  The  mineral  which  he  examined,  was, 
however,  the  pearl-coloured  tungflen  of  Bifpberg,  and  from 
this  he  concluded,  that  the  examination  of  the  tungflen  of 
Riddarhytta  was  neceffary,  confidering  it  a  mineral  of  the 
fame  nature,  he  diflinguifhed  it  by  the  name  of  reddijh 

‘“"ffon’  afterwards  D’Elhuyar  analyfed  both  minerals,  he  and  D'EIhuyar. 

verified  the  anal)  (is  of  the  true  tungflen,  but  proved  that  the 

conjecture  of  Scheele  concerning  the  other  mineral  was 

founded  in  error;  the  refults  of  his  analyfis  (bowed  that  the 

follil  known  by  the  name  of  reddifh  tungflen,  was  compofed 

of  54  parts  of  lime,  24  of  iron,  and  22  fdiceous  earth.  From 

what  follows,  it  will,  however,  become  obvious,  that  this 

mineral  contains  neither  lime  nor  tungflen,  butte  new  earth 

hitherto  unknown. 

External  CharaSlers  of  the  Ochroites . 

The  colour  of  this  mineral  is  between  carmoifin  red,  clove-  External  cha. 
brown,  and  reddilh-brown.  It  is  compaft,  breaks,  fpimter-  £che”;“s> 

*  Gehlen’s  new  Journal'of  Chemiftry,  Vol.  II.  part.  in.  p.  303. 
f  Tranfaftions  of  the  Swedifh  Academy  of  Sciences,  1  ml.  p. 

235 

"  t'  And  alfo  in  Cronftedt's  Mineralogy  by  Magellen,  Vol.  I.p.  46. 
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Analysis  of  the 
Ochrcites. 


ing  in  irregular,  not  very  (harp  or  angular  pieces.  It  if 
perfectly  opac[ue.  Its  powder  is  reddifh-gray.  It  is  not  very 
hard,  but  brittle,  and  very  ponderous. 

Its  fpecific  gravity  is  4,660.  Cronftedt  dates  it  to  be 

=  4,988. 

-  A. 

а.  A  piece  of  the  mineral  after  having  been  ignited  to 
rednefs,  loft  2  per  cent.  Its  reddifh  colour  had  been  changed 
to  brown.  Its  figure  had  differed  no  alteration. 

б.  One  hundred  grains  of  the  finely  levigated  mineral  ig¬ 
nited  for  half  an  hour,  loft  five  grains.  Its  colour  was 
changed  to  a  dark,  brown. 

B. 

•  I 

a.  One  hundred  grains  of  ochroit,  after  being  mixt  with 
200  grains  of  carbonate  of  potafli,  were  ftrongly  ignited,  the 
jnafs  which  could  not  be  rendered  fluid,  was  redd.fli,  grey 
and  brittle.  On  being  diffufed  through  water,  as  ufual,  the 
obtained  folution  was  colourlefs.  It  remained  perfectly  tranf- 
parent;  a  proof  that  it  did  not  contain  tungften  oxide  ;  nitrate 
of  filver,  mercury,  lead,  barytes,  &c.  proved  the  abfence  of 

acids. 

b.  The  infoluble  refidue  of  the  laft  procefs  was  boiled  in 
nitro-muriatic  acid,  the  filiceous  earth  being  feparated,  the 
folution  was  decompoled  by  potafli,  and  the  whole  boiled  for 
fome  time.  The  alkaline  fluid  after  being  neutralized  with 
muriatic  acid,  and  then  mingled  with  carbonate  of  potafb, 
luffered  no  change. 

*  C. 

a.  200  grains  of  the  finely  pulverized  mineral,  were  firft 
boiled  in  two  ounces  of  muriatic  acid,  to  which  half  an  ounce 
of  nitric  acid  was  gradually  added,  and  the  digeltion  continued 
for  fome  time.  The  whole  became  thus  diffolved  except  the 
fi lex  contained  in  the  mineral.  Its  quantity  amounted  to 
68  grains. 

b.  To  the  folution  obtained  in  the  laft  procefs,  carbonate 
of  ammonia  was  added  fo  long,  till  no  permanent  precipitate 
was  produced.  On  letting  tall  into  it  fuccinate  ot  ammonia, 

a  curdly  precipitate  fell,  which  vaniftied  again  on  agitation, 

leaving 
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leaving  merely  a  pale  red  precipitate  of  fuccinate  of  iron. 

This  being  collected,  waflied,  dried,  and  ftrongly  ignited, 
yielded  nine  grains  of  o.v'de  of  iron. 

c.  The  fluid  thus  treed  from  iron,  and  now  colourlefs,  was 
decompofed  by  carbonate  ot  ammonia.  The  precipitate 
obtained  was  white,  and  weighed  168  grains,  on  being 
deprived  of  water  and  carbonic  acid  by  heat,  its  white  colour 
changed  to  cinnamon-brown.  It  weighed  109  grains. 

d.  All  the  water  employed  for  wathing  the  different  pre¬ 
cipitates  were  mingled,  evaporated  to  drynefs,  and  the  am- 
moniacal  fait  volatilized  ;  a  minute  quantity  of  a  muriate  was 
obtained,  the  bafis  of  which  could  not  be  determined. 

From  what  follows  it  vvillbecome  evident,  that  the  cinnamon-  Peculiar  eartfy 
brown  precipitate  (c.)  which  forms  the  principal  part  of  the 
fofiil  is  a  peculiar  earth,  diftin<5l  from  all  the  others  hitherto 
known.  The  chara<5leriftic  property  which  it  pofiefies  of  ac¬ 
quiring  a  light-brown  colour  after  being  heated,  has  induced 
me  to  call  it  ochroit  earth*,  which  may  alfo  ferve  for  the  mineral 
itfelf.  ‘  ' 

According  to. this  analyfis,  100  parts  of  the  ochroite  of 
Ridderhytta  contain, 


Ochroit  earth 

54,50 

Silex 

*  •  -  34 

Oxide  of  iron 

«$• 

i 

* 

i 

i 

Water,  &c.  (A.  b.) 

5 

Lofs  - 

-  2 

100. 

CharaSleriftic  Properties  of  Ocliroit  Earth . 

1.  Ochroit  earth  is  capable  of  combining  with  carbonic  Ochroit  earthy 

acid  during  its  precipitation  from  acids  by  carbonated  alcalies,  l\  fombines 
°  4  *  ■'  with  carboim  • 

and  ftrongly  confolidating  a  portion  of  water.  ac;<3o 

100  grains  of  the  earth  precipitated  by  carbonate  of  am¬ 
monia,  and  firongly  dried,  loft  on  being  neutralized  by  nitric 
acid,  23  grains:  100  grains  of  the  fame  earth  loft  after  being 
ftrongly  ignited,  35  grains,  100  parts  of  carbonate  ochroite 
therefore  confifts  of 

Ochroit  earth  -  65 

Carbonic  acid  -  -  -  -  23 

Water  -  -  -  -  -  v  12 


100. 


*  From  the  Greek  word  (Havefcerts,)  brownifh  yellow. 

VroL.  VIII. — July,  1804.  P  2.  Ochroit 
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i.  It  is  brown. 


3.  Not  reduci¬ 
ble. 
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2.  Ochroit  earth,  after  being  freed  from  carbonic  acid  anh 
water,  by  heat,  always  appears  in  the  form  ot  a  cinnamon- 
brown  powder.  The  intenfity  of  the  colour  is  in  proportion 
to  the  heat  applied.  This  colour  is  not  owing  to  the  prefence 
of  iron,  or  manganefe,  &c.  but  it  is  a  eharaCteriflic  property 
of  the  earth. 

3.  Ochroit  earth  included  in  a  charcoal  crucible,  and  ex- 
pofed  to  the  heat  of  the  porcelain  furnace,  fuffered  no  change 
whatever. 

4.  Not  fufible  as  4.  Urged  by  the  blow-pipe,  it  becomes  phofphorefcent ; 
the  microcofmic  fufecj  vvjth  ph0fphate  of  foda  and  ammonia,  it  becomes  tmged 

by  it,  without  effe&ing  a  folution  of  the  earth.  The  lalt  ac¬ 
quires  merely  a  marbled  lemon  yellow  colour.  Borax  has 
likewife  no  chemical  effect  upon  it.  This  fait  only  effects  a 
mechanical  divifion.  The  earth  always  appears  diflufed 
through  the  borax  in  minute Jlocculi. 

5.  Gives  an  un-  5.  Ochroit  earth  mixed  in  different  proportions  with  proper 

even  brown  JS  a  flaxes>  and  applied  for  painting  of  porcelain,  proved  unfuc- 
1  cefsful.  The  painted  articles  were  light  biown,  but  (he  co¬ 

lour  was  not  uniform;  a  proof  that  no  combination  had  been 
effected. 

6.  Difficultly  6.  Ochroit  earth  combined  with  carbonic  acid  is  eafily  folu- 
foluble  in  acid  ble  with  effervefcence  in  acids.  The  tafte  of  the  folution  is 
pare;  but  eafily  very  rough  and  afiringent.  The  concentrated  folution  is  of  an 
if  carbonated.  amethyfl  red  colour ;  diluted  with  water,  it  becomes  colour- 

lefs.  Ignited  ochroit  earth,  on  the  contrary,  is  difficultly  folu- 
ble  in  acids  in  the  cold;  if  nitric  acid  be  employed,  the  folu¬ 
tion  is  yellow ifh  red. 

7.  The  combination  of  ochroit  earth  with  fulphuric  acid, 
is  cryffallizable.  The  figure  of  the  cryfials  formed  in 
the  mafs  of  the  fluids  is  the  octahedron,  d  hey  are  heavy, 
of  a  pale  amethyfl  colour,  and  difficultly  folublein  water;  but 
the  fulphate  of  ochroit  with  excefs  of  acid,  is  more  foluble  $ 
the  figure  of  the  cryfials  formed  on  the  Tides  of  the  veflel,  are 
needle- fliaped,  radiating  from  a  centre.  They  are  more  fo¬ 
luble  than  the  former. 

S.  If  a  folution  of  fulphate  of  foda  be  mingled  with  a  folu- 
dt compotes  mur.  tion  of  muriate  or  nitrate  ot  ochroit,  a  mutual  decompofition 
•ch^de*  °f  takes  P'ace*  A  w hite  infoluble  precipitate  is  formed,  confift- 

The  in  foluble  ing  of  fulphuric  acid  united  to  the  ochroit  earth.  This  com- 
fuipbate  of  '  bmatioD 

•chroites, 


Nitre  acid. 


7.  Sulphate  of 
ochroit  is  br\f- 
tallizable,'  and 
pale  ametnyil 
colour. 


Su’phit'*  of  f  d.i 
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bination  may  be  decompofed  by  boiling  it  with  double  its  weight  may  be  decom- 

of  carbonate  of  foda.  By  this  means  ochroit  earth  may  be  po^d  by  toiling 
,  .  J  J  with  carb.  of 

obtained  very  pure.  foda  j  and  the 

9.  Ochroit  earth  is  Iikewife  foluble  in  fulphureous  acid,  the  €arth obtained 

folution  cryflallizes  in  needles  of  a  pale  amethyft  colour.  ^Sulphureous 

10.  Muriatic  acid  ditfolves  ochroit  earth,  and  yields  cry-  ac^  diflolves 

ftals,  the  figure  of  which  is  the  prifm.  It  is  foluble  in  alcohol  cry ftaUi zalble  * 
without  imparting  to  its  flame  any  particular  colour.  Muriatic  acid 

12.  Acetite  of  ochroit  could  not  be  cryflallized,  but  yielded  ^  cryfta'ihzes* 

an  adhefive  mafs.  The  alcohol  fo- 

13.  Nitrate  and  muriate  of  ochroit  is  decompofable  by  car-  lu^lon  ^oes  not 

•  .  .  ,  ,  ,  .  .  .  .  colour  flame. 

Donated  earths  and  alcahes,  the  precipitate  is  milk-wlnte.  Acetite  of 
Alcalies  and  earths  freed  from  carbonic  acid,  occafion  a  yel-  0cbr01t  not  cryf- 
lowith  grey  precipitate.  .  The  nitrate  and 

14.  Prufliate  of  potafli  precipitates  ochroit  from  all  its  neu- muriate  precipi- 

tral  folutions,  milk  white.  The  precipitate  is  foluble  in  mu-  alkalis^* 
riatic  and  nitric  acid.*  and  by  prufliate 

15.  Tin6ture  of  galls  occafions  no  change  in  the  folutions  of  » 

this  earth.  Not  by  galls, 

16.  Hidroguretted-hidrofulphur^t  of  ammonia  precipitates  but  by  hidrog. 

the  folution  of  ochroit  earth,  yellowifli  white.  hidro.  fulph,  of 

17.  Water  impregnated  with  fulphuretted  hidrogen  occa-  Not  by  hi'dro. 

fions  no  change  in  the  folutions  of  ochroit  earth.  fialph.  water, 

18.  Succinates  precipitate  ochroit  earth  white.  but  by  fucci- 

19.  Phofphate  of  foda,  occafions  in  the  folutions  of  this  phofphatc  of 

earth  a  white  precipitate,  which  again  vanithes  by  the  addition  foda  precipitates, 
of  nitric  or  muriatic  acid.  &c* 

20.  Tartrites  of  potafli  alfo  precipitate  this  earth  white.  Tartrites  preci- 

21.  Oxalates  effeft  a  like  decompofition,  the  oxalate  of  and  Oxalates, 
ochroit,  however,  is  not  foluble  in  nitric  or  muriatic  acids. 

22.  Alcalies  and  alcaline  carbonates  do  wot  a£t  on  ochroit  Alcalies  do  not 

adt  on  the  earths 

23.  Ammonia  feebly  a6ts  on  it,  under  certain  circumflances.  Ammonia 

as  may  be  evinced  from  the  following  experiment :  feebly.  . 

A  folution  of  nitrate  of  ochroit,  prepared  by  diflolving  100 
grains  of  carbonate  of  ochroit  (not  abfolutely  free  from  iron,) 
in  nitric  acid,  was  decompofed  by  carbonate  of  ammonia,  and 
digefled  in  the  fluid,  containing  a  confiderable  quantity  of 
carbonate  of  ammonia  in  excefs,  for  fome  days.  The  fluid 


*  If  the  earth  contained  the  muriates  and  quality  of  iron,  it  be¬ 
comes  by  this  means  manifefted. 

P  2 
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which  had  acquired  a  yellow  colour,  was  feparated  and  neu¬ 
tralized  by  fulphuric  acid,  and  then  placed  in  a  warm  place. 
A  grey  precipitate  was  thus  obtained,  which  on  being  dried, 
weighed  1  j  grains.  This  precipitate,  after  being  dilTolved  in 
nitric  acid,  yielded  a  blue  precipitate  by  pruffiate  of  potafh, 
this  being  feparated,  a  white  flocculent  precipitate  fell  down 
by  dropping  into  the  remaining  fluid  carbonate  of  potafh.  This 
method  is  therefore  applicable  for  fe  pa  rating  a  minute  quantity 
of  iron,  that  may  be  contained  in  the  fluid. 

General  remarks  From  what  has  been  Hated,  it  becomes  obvious,  that  the 
and  charafters  ochroit  earth  bears  the  neareft  relation  to  yttria,  for  like  this 
it  forms  a  conne&ing  link  between  the  earths  and  the  metallic 
oxides.  Like  yttria  it  has  the  property  of  forming  a  reddifli 
coloured  fait  with  fulphuric  acid,  and  is  precipitable  by  prufli- 
ate  of  potafh,  but  it  differs  from  yttria,  that  it  does  not  form 
fweet  falts,  that  it  is  not  (at  leaft  very  fparingly)  foluble  in 
carbonate  of  ammonia,  and  that  when  ignited  it  acquired  a 
cinnamon  brown  colour.  It  farther  differs  from  yttria  by  not 
being  foluble  in  borax  or  phofphate  of  foda  when  urged  upon 
charcoal  before  the  blow-pipe,  which  falts  eafily  efifeft  a  folu- 
tion  of  yttria,  and  melt  with  italfo  into  a  pellucid  pearl. 


of  the  ochroit 
earth. 


New  experiment 
in  proof  of  the 
identity  of  elec¬ 
tricity  and  gal- 
▼anifm. 


Two  wires  of 
platina,  kept  5 
minutes  in  the 
chain  of  com¬ 
munication  be¬ 
tween  the  two 
poles  of  the  pile, 
convulfed  the 
kgs  of  a  frog. 


XVI. 

Letter  from  VanMarum  to  /.  C.  Delamctkeric ,  on  Ritter’s  Gal¬ 
vanic  Experiments * 

Mr.  ORSTED  of  Copenhagen,  on  his  way  through  Har¬ 
lem,  having  fhevvn  me,  by  means  of  the  apparatus  in  Teyler's 
Mufeum,  fome  difeoveries  of  his  friend  Ritter  of  Jena  ;f  I 
made  at  the  fame  time  a  new^  experiment  with  him,  which  af¬ 
fords  a  frefh  proof  of  the  identity  of  the  fluid  fet  in  motion  by 
Volta’s  pile  and  the  common  ele6lrical  machine,  and  an  ac¬ 
count  of  which  I  imagine  will  be  acceptable  for  your  Journal. 

Mr.  Orfted  having  fliown  me,  that  two  wires  of  platina, 
after  having  been  kept  five  minutes  in  the  chain  of  communica¬ 
tion  between  the  two  extremities  of  a  galvanic  pile,  acquired 

*  Jcurn .  dr  Phyjique ,  December,  1803,  Vol.  LVII.  p.  471. 
f  See  Ritter’s  experiments,  as  communicated  by  Dr.  Orfted,  in 
tins  prefent  and  fome  other  numbers  of  the  Journal. 


thereby 
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thereby  the  faculty  of  throwing  the  legs  and  thighs  of  a  frog 
into  eonvulfive  movements,  according  to  the  difcovery  of  Mr. 

Ritter ;  I  propofed  to  him,  to  pafs  the  flream  of  fluid  from  a 
powerful  eleftrical  machine  through  thefe  fame  wires  of  plati- 
na,  in  order  to  oblerve,  whether  it  would  have  the  fame  effect 
on  them  as  the  fleam  from  the  galvanic  pile.  We  employed  expofed  t0 
the  plate  machine  of  35  inches  diameter,  and  of  the  new  con-  plate  machine  3 
firu&ion,  defer  i  bed  in  the  Journal  de  Phyfique  for  June,  1791 ,  f?r  a  like  tIme 
vol.  38,  (or  Philofophical  Journal,  quarto  feries.  No.  2.)*  but  more3"16* 
Having  pa  fled  the  flream  from  it  through  the  wires  of  platina,  weakly, 
held  a  quarter  of  an  inch  from  the  conductor,  for  the  fpace  of 
five  minutes,  we  touched  with  them  the  crural  nerves  of  a 
frog  prepared  in  the  ufual  manner,  and  obferved  immediately 
the  fame  eonvulfive  movements  in  its  legs  and  thighs,  though 
not  fo  flrong  as  in  the  preceding  experiment.  Thislefs  power¬ 
ful  effedt  of  the  flream  from  the  machine  perfectly  anfwered  my 
expectations,  fince  my  experiments  in  November,  1801,  de¬ 
ferred  in  my  letter  to  Mr.  Volta,  (hewed  me  that  the  flream 
from  the  machine  had  not  more  than  five  fixths  of  the  velocity 
or  flrength  of  the  flream  fet  in  motion  by  a  fimilar  pile. 

We  then  repeated  the  experiment,  keeping  the  wires  ofThe  experiment 
platina  in  contact  with  the  conductor  of  the  machine,  while  we  ^  repea,ied’. 
paded  the  flream  through  them.  Then  holding  the  wires  one  been  kept  in 
in  each  hand,  as  in  the  preceding  experiment,  and  in  contact  conductor ^ 
with  the  two  crural  nerves,  but  keeping  their  oppofite  extre-  when  the  fenfi- 

mities  feparate,  their  effect  on  the  fame  frog,  the  fenfibilitv  of  blllty  of  the  fr0S 
...  .  .  .  r  ,  J  being  much 

which  was  greatly  weakened,  w>as  Icarcely  perceptible:  but  weakened,  the 

on  bringing  the  upper  extremities  of  the  wires  together,  while  effe<a  was 

the  lower  remained  in  contact  with  the  crural  nerves,  we  no-  tible^  percep" 

ticed  very  flriking  convulfions  in  the  legs  of  the  frog,  every  unIefs  the  upper 

time  the  extremities  were  made  to  touch.  A  little  fealing  thr^rireswere 

wax,  which  had  been  ufed  to  keep  the  wires  of  platina  infu-  brought  into 

lated  when  held  to  the  conductor,  and  which  ftill  adhered  to^onLtaa*..  , 

vV  hen  a  little 

one  of  the  upper  ends,  rendered  the  experiment  ftill  more  fealing  wax  pre- 

evident;  for  when  we  brought  thefe  ends  together  in  fuch  a  vented  tke  a^f°“ 

.  , •  ,  p  .  ,  ,  „  lute  contadt  of 

manner,  that  a  little  of  the  wax  prevented  them  from  being  the  wires,  no 

in  perfect  contact,  the  legs  of  the  frogs  exhibited  none  of  the  effeft  t00^ 

place. 

*  It  is  a  machine,  that  produces  pofitive  and  negative  electricity, 
like  the  pile  of  Volta.  Delametherie. 

eonvulfive 


i 
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convulfive  movements,  that  took  place,  notwithftanding  every 
time  the  wires  were  made  to  touch  each  other  completely. 

Thus  we  have  a  frefli  proof  of  the  identity  of  the  fluid  fet 
in  motion  by  the  pile  of  Volta,  and  by  a  common  electrical 
machine. 


XVII. 


till  Herfchel 
found,  that  in- 
■vifible  rays,  be 
yond  the  fpec 


Experiments  on  Light ;  by  Mr.  Ritter,  of  Jena.  Communicated 

by  Dr.  Orsted.I 

Herfchel’ s  dif-  The  important  difeovery  of  invifible  folar  rays,  with  which 
c-jvery  of  mvi-  Herfchel  has  enriched  natural  philofophy,  has  given  occafibn 

hasVi ven  bfe  to  1°  another  little  known,  even  in  the  country  where  it  has  been 
another.  made. 

Our  knowledge  Our  knowledge  of  light  had  made  no  perceptible  advance- 

of  hghtata  ftand  ment  flnce  Newton ,  when  Herfchel  found,  that  all  the  phe- 
iince  Newton  £  (  .  .  .  r  *  r  i*  i  i 

nomena  occarrihg  during  the  decompoiition  of  light  by  means 

of  the  prifm  had  not  yet  been  noticed/’  Philofophers  had  con¬ 
tented  themfelves  with  perceiving  different  colours,  without 
examining  by  other  procefles,  whether  phenomena  impercep¬ 
tible  to  the  eyes  did  not  take  place.  Herfchel,  by  means  of 
the  thermometer,  difeovered  invifible  rays  exterior  to  the  folar 
fpe&rum,  that  poffefs  the  property  of  raifing  the  'mercury. 
trum,  raifed  the  Mr.  Ritter  repeated  his  experiments  with  fuccefs;  but  con- 
R kter^Tepea ti n g  fidering,  that  the  different  rays  of  light  produce  very  different 
the  experiment, chemical  changes  in  bodies  fdfceptible  of  them,  heconceived, 
wntatned  ^  1'ght  likewife  contained  invifible  rays,  which  abled  che* 
invifible  rays  mically.  He  expofed  muriate  of  filver  to  the  aCtion  of  the 

^nkfew^fe^' and  ^°^ar  fpe<^rum»  and  found  his  conje&ure  fubflantiated:  the 
fjund,  that  muriate  of  filver  very  foon  became  black  beyond  the  violet 
mumteof Hlver,  ec|ge  Gf  tjie  fpe&rum;  blackened  a  little  lefs  in  the  violet  it- 
fpeftrum,  grew  felf ;  and  this  action  was  flili  lefs  in  the  blue,  diminifhing  thiitf 
hlackc ft  beyond  j^ore  and  more  in  proportion  to  the  diftance  from  the  violet, 
and'the^ffe^  di-  till  it  became  null.  On  expofing  muriate  of  filver  a  little 
minifhed  in  pro- blackened,  that  is  to  fay,  a  little  difoxigenated,  to  the  fame 
diftance  fronT  a<^'on  light,  ds  white-colour  was  partly  reflored  by  the  red 
this,  ray,  and  flili  more  by  the  invifible  ray  beyond  it.  •- 

and  the  muriate  ... 

Lt/ha/i/'"  *  r«»rHaUe  Phyfique,  December,  1803,  Vol.  LVII.  p.  409. 

colour  partly  re-  k  r  '  '  *  1  '  •  *  Th# 

ftored  by  the  in- 
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The  folar  fpe&rum  therefore  is  accompanied  by  two  invisi¬ 
ble  rays,  one  on  the  red  fide,  which  favours  oxigenation,  and 
the  other  on  the  violet  fide,  which  favours  diioxigenation. 
The  vifible  and  coloured  rays  partake  more  or  lefs  of  the  pro¬ 
perties  of  thefe  invifible  principles,  whence  we  ought  to  infer, 
that  all  the  coloured  rays  contain  more  or  lefs  of  thefe  princi¬ 
ples. 

Thefe  experiments  Succeed  very  well  with  phofphorus.  On 
letting  the  invifible  ray  adjoining  the  red  fall  on  it,  it  immedi¬ 
ately  emits  white  fumes:  but  if  the  invifible  ray  adjoining  the 
violet  be  thrown  on  the  phofphorus  in  a  ftate  of  oxigenation,  it 
is  infiantly  extinguiflied,  with  the  fame  rapidity  as  a  frog  is 
convulfed  in  galvanic  experiments.  j 

Thefe  experiments  readily  accord  with  Some  others  made  by 
the  fame  gentleman.  He  kept  one  of  his  eyes  for  Some  mi¬ 
nutes  in  contaft  with  the  negative  conductor  of  Volta's  pile, 
and  after  this  operation  all  obje<5ts  appeared  red  to  him:  but 
after  having  kept  it  in  contact  with  the  pofitive  conductor,  he 
faw  every  thing  blue.  It  is  to  be  obferved  here,  that  the  re¬ 
tina  and  optic  nerve,  when  the  external  part  of  the  eye  is 
brought  into  the  negative  State,  become  pofitive,  and  vice  verja; 
becaufe  the  eye  is  filled  with  a  fluid,  in  which  the  fame  dis¬ 
tribution  of  eledricity  muft  take  place,  as  in  water  and  other 
fluids.  It  is  in  the  pofitive  fiate  therefore,  that  the  optic  nerve 
perceives  all  objedts  of  a  red  colour;  and  in  the  negative  fiate 

V.  , 

they  appear  violet.  The  chemical  adtion  of  pofitive  electri¬ 
city  likew'ife  is  the  fame  as  that  of  red  light;  that  is,  they  both 
favour  oxigenation.  Negative  electricity  and  the  violet  ray 
poflefs  the  fame  analogy,  both  promoting  difoxigenation :  as 
the  experiments  with  the  galvanic  pile  have  Sufficiently  fliown. 

If  I  might  be  allowed  to  add  any  obfervation  to  thefe  im¬ 
portant  difcoveries,  I  would  mention  one  of  the  moll  com¬ 
monly  known  fadts ;  that  the  oppofite  electricities,  when 
united,  produce  light ;  which  Seems  to  demonffrate  Syntheti¬ 
cally,  what  the  preceding  experiments  have  (hewn  by  analyfis. 

This  account  was  read  to  the  philomathic  Society  Several 
months  ago.  Since  which  time  Mr.  Ritter  has  publiflied  Some 

new  observations  that  deferve  notice.  He  has  found,  with  all 

,  >  .  >  ■ 

the  prifms  he  ufed,  that  the  Solar  rays  give  two  coloured  Ipec- 
trums,  which  Spread  in  proportion  tp  tfied  difiance  from  the 
prifm.  So  that  at  a  certain  difiance  one  nearly  covers  the  other. 

The 
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vifible  ray  be¬ 
yond  the  red. 
Thus  there  is  an 
invifible  ray 
promoting  oxi¬ 
genation,  and 
another  the  con- 
trary, 

and  the  vifible 
and  coloured 
rays  partake 
more  or  lefs  of 
the  properties  of 
both. 

The  invifible  ray 
on  the  red  fide 
like  wife  kindles 
phofphorus ; 
while  that  on  the 
violet  fide  ex- 
tinguifhes  it  in- 
ftantly. 

One  of  the  eyes 
being  kept  fome 
minutes  in  con¬ 
tact  with  the 
negative  conduc* 
tor  of  Volta’s 
pile,  all  objects 
appeared  red  to 
it ;  in  contaCt 
with  the  pofitive 
blue. 

In  the  former 
cafe  the  optic 
nerve  is  in  the 
pofitive  ftate; 
in  the  latter, 
negative. 

The  chemical 
aCtion  of  pofi¬ 
tive  electricity 
likewife  favour  9 
oxigenation,  like 
red  light ;  and 
negative,  the 
contrary. 

The  two  elec¬ 
tricities  too  pro¬ 
duce  light  by 
their  union  ; 
which  feems  to 
prove  fyntheti- 
cally  their  iden¬ 
tity  with  the 
chemical  rays. 
Mr.  R.  has  fince 
found,  that 
the  prifm  affords 
two  fpeCtrums, 
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diftindt  at  a  The  experiment  mull  be  made  at  a  very  fmall  diflance  from 

little  diflance,  prjfm  that  of  four  inches  for  example,  to  diftinguifh  the 

as  4  me  .es,  but  r  .  r  , 

confounded  to-  two  fpedtrums,  which  become  confounded  together  in  propor- 

gefhcr  wnen  pon  to  their  diflance  from  the  prifm.  No  doubt  this  is  the 

reafon  why  the  phenomenon  has  fo  long  efcaped  the  notice  of 

And  the  chemi-  philofophers.  This  obfervation  was  accompanied  by  another, 

cal. ray,  may  be  ftill  more  important;  namely,  that  the  chemical  rays  may  bo 

paraitdCfr!»m  the  completely  feparated  from  the  coloured  rays.  If  the  in vifible 

coloured,  with-  rayS  Qf  the  violet  fide  be  made  to  fall  on  the  red  part  of  the  fo- 

theru.e^r°^n^  ^ar  fpcdlrum,  the  procefs  of  oxidation  may  be  completely  fuf- 

pended  there,  and  even  difoxidation  produced,  without  de- 

Itroying  the  red  colour;  and  by  means  of  feveral  prifms  we 

may  even  feparate  all  the  coloured  rays  from  the  chemical 

So  that  we  may  rays.  We  may  thus  produce  a  coloured  fpedtrum  devoid  of 

produce  a  CO-  chemical  a<5tion ;  and  a  fcries  of  chemical  rays,  analogous  to 
loured  fp'  Ctrum  .  .  rl  J 

devoid  of  chemi*  the  fpe<5trum,  without  any  mixture  of  colouied  rays. 

cai  action.  \ye  have  not  yet  any  accurate  experiments,  to  determine 

rays  havenot  whether  the  calorific  rays  be  likewife  feparable  from  the  others, 

been  p,ovedto  particularly  from  the  chemical  rays:  but  the  comparifon  of  dif- 

fromPthebcehe-  ferent  experiments  made  in  winter  and  fummer,  when  the  de- 

micai;  but  it  grees  of  heat  are  different,  though  no  difference  in  the  force  of 

they  are rf[n^ed  chemical  rays  at  different  feafons  has  been  obferved,  lead 

the  former  differ  to  a  belief  that  the  calorific  rays  are  feparable  from  thechemi- 
in  degree  in  Qaj 

winter  ana  fum*  ,  ~  r  .  .  ..  .  r 

mer,  the  latter  It  may  be  afked,  why  the  different  rays  found  in  light  fre- 

d°  not.  quently  accompany  each  other,  though  they  can  fubfift  fepa- 

com? an^ each  rately:  and  this  queftion  no  doubt  may  be  anfwered,  when 

other,  though  we  are  able  to  fay,  why  the  different  functions  of  electricity 

greater  difficult)'  accompany  each  other,  though  they  likewife  are  feparable. 
than  attends 

electricity.  .  -  ...  .  . . -  '  - — . .  •  ■■  — 

‘  ; 

'  "  XVIII. 


jDefinit'on  of 
fpontaneous 


On  Spontaneous  Inflammation's.  By  G.  C.  Bartholdi,  Pro- 
fejftr  of  Phyfic  and  Ckemiftry .* 

C 

SPONTANEOUS  inflammation  is  that  which  is  m an i felted 
in  acombuftible  body,  without  the  immediate  contact  of  any 


inflammation,  ignited  matter. 


*  From  the  Annales  de  Chimie,  Vol,  XLVIII.  p.  240,  or 
Mo.  H4t 

Thefo 
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'  *  V 

Thefe  kinds  of  combuftion  may  be  occaftoned  by  different  Cauics. 
caufes,  the  principal  of  which  are: 

1.  Confidei^ble  fri&ion. 

2.  The  a6lion  of  the  fun. 

3.  The  difengagement  of  caloric,  produced  in  bodies,  which, 
though  not  combuftible,  by  being  brought  near  to  other  com- 
buftible  bodies,  may  communicate  fuch  a  degree  of  heat  to 
them,  that  they  inflame  by  the  conta<5i  of  the  air. 

4.  The  fermentation  of  animal  and  vegetable  fubftances 
heaped  up  in  a  large  mafs,  which  are  neither  entirely  dry,  nor 
too  wet,  fuch  as  hay,  dung,  &c. 

5.  The  accumulation  of  wool,  cotton,  and  other  animal 
and  vegetable  fubftances,  covered  with  oily  matter,  particularly 
drying  oil. 

6.  The  preparation  of  linfeed  oil  for  printers^  ink,  of  var- 

nifhes,  and  in  general  of  all  fat.  ' 

7.  The  torrefa£tion  of  different  vegetable  fubftances. 

8.  The  fulphurated  and  phofphorated  hidrogen  gafes  which 
are  difengaged  in  many  of  the  operations  ol  nature,  and  ot 
which,  the  latter  generally  inflames  by  the  foie  contact  of  at- 
mofpheric  air,  even  at  a  low  temperature,  and  which  is  often 

feen  at  the  furface  of  the  earth  like  a  fmall  flame,  known  by  the 

* 

name  of  Jack  o’Lantern,  in  places  in  which  there  are  animal 
fubftances  in  a  ftate  of  putrefaction  :  if  other  combuftibles  are 
met  with  where  the  difengagement  takes  place,  they  readily 
catch  fire. 

9.  The  phofphuret  of  lime  and  potafh,  which  maybe  formed 
in  the  preparation  of  charcoal,  particularly  in  that  from  turf, 
and  from  fome  forts  of  wood  which  grow’  in  marftiy  fituations. 

This  charcoal  by  being  wetted,  or  by  limply  attra&ing  the  hu¬ 
midity  of  the  air,  forms  phofphureted  hidrogen  gas,  which,  by 
the  contact  of  the  atmofpheric  air  inflames,  and  may  fet  fire  to 
the  whole  mafs  of  charcoal. 

10.  The  phofphorus  which  is  fometimes,  though  rarely, 
formed  in  the  carbonifation  of  different  forts  of  wrnod,  without 
combining  either  with  lime  or  with  potalh  in  the  ftate  of  phof¬ 
phuret.  Thefe  charcoals  do  not  inflame  fpontaneoufly  at  the 
common  temperature  of  the  atmofphere,  but  they  produce  a 
detonation  by  percuffion  with  nitrate  of  potalh,  or  with  fome 
other  nitrates  and  metallic  oxides  to  which  the  oxigen  adheres 
but  feebly,  and  which,  being  in  the  ftate  of  thermoxide,  retain 
much  latent  caloric. 


\ 


5 


1  Friction* 
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1.  FriSlion . 

Fsidtion.  It  is  generally  known  that  by  rubbing  two  bodies  againft 

each  other,  they  are  heated;  the  intenfity  of  the  produced 
heat  depends  on  feveral  circumfiances,  and  chiefly  varies  in 
proportion  to  th  hardnefs  of  the  fridtion,  to  the  nature,  and  to 
the  furface  of  the  rubbing  bodies:  if  the  friction  takes  place 
between  combuftible  bodies,  fuch  as  the  woods,  the  heat 
which  it  excites  is  frequently  fufficient  to  inflame  them:  if  the 
bodies  are  not  combuftible,  fuch  as  flones,  or  but  little  com- 
buftible,  like  the  metals,  they  do  not  themfelves  inflame,  but 
they  can  communicate  fuch  a  degree  of  heat  to  other  combuf- 
tibles  which  furround  them,  that  thefe  can  inflame  by  the  con¬ 
tact  of  atmofpheric  air. 

Dr.  Palcani  having  repeated  the  experiments  which  have 
been  long  known  for  obtaining  fire  by  the  friftion  of  two  pieces 
of  wood,  to  one  of  which  he  gave  the  form  of  a  tablet,  and 
to  the  other  that  of  a  fpindle  or  a  cylinder,  he  has  allowed  me 
to  give  the  refults  of  fome  of  his  experiments  here,  to  fliew 
that  more  attention  fliould  be  paid  to  the  choice  of  the  woods 
which  are  deflined  to  rub  againft  each  other,  in  the  conftruc- 
tion  of  machines  and  inftruments. 


Experiments 
with  a  tablet 
between  two 
cylinders. 


Two  cylinders  of 

Tablet. 

Duration, 

Effe£t. 

BOX- W00d  agalnit 

Box -wood 

f”g‘  .5  Minutes 

Senfible  heat 

Idem 

Poplar 

Idem 

4 

Idem 

Idem 

Oak 

Idem 

Idem 

Idem 

Mulberry 

3  Minutes 

•  V  . 

Cons,  heat  and  fmoke 

Idem 

Laurel 

Idem 

Idem 

Laurel 

Poplar 

2  Minutes 

Idem 

Idem 

Ivy 

Idem 

Idem 

Ivy 

Box- wood 

3  Minutes 

Idem 

Idem 

Hazle 

Idem 

Idem 

Olive 

Olive 

Idem 

Idem 

Mulberry 

Laurel 

2  Minutes 

Con.  he.  frn.  &  black 

Afli 

Oak 

5  Minutes 

Senfible  heat 

Idem 

Fir 

Idem 

^  . 

Idem 

Pear-tree 

Oak 

Idem 

Idem 

Cherry-tree 

Elm 

Idem 

Idem 

Plum-tree 

Apple-tree 

Idem 

Idem 

Oak 

Fir  ' 

Idem 

Idem 

t 
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On  changing  the  experiment,  and  rubbing  a  cylinder 
one  of  thefe  woods  between  two  tablets  of  the  other,  for  ex-  tw0  tablets, 
ample,  a  cylinder  of  poplar  between  two  tablets  of  mulberry, 
the  augmentation  of  the  rubbed  furfaces  which  are  in  contact 
with  the  air,  produced  a  much  more  considerable  heat,  and 
nearly  all  the  woods  mentioned  above  took  fire. 

The  efTeft  of  the  friftion  alfo  varies  according  as  the  woods  The  direction  of 

employed,  particularly  if  they  are  of  the  lame  Ipecies,  are  wood  affe&s  the 
rubbed  in  the  direction  of  the  grain  of  the  wood,  or  when  the  friction, 
grains  of  the  woods  crofs  each  other.  In  the  fird  cafe  the 
fridtion  and  the  heat  are  much  more  confiderable  than  in  the 
fecond. 

In  large  machines,  in  which  there  is  a  great  deal  of  friction.  Preventives 
the  heating  is  prevented  by  directing  a  continual  current  °f neous^inflamma. 
cold  water  on  the  rubbing  furfaces:  in  common  machines,  tion  by  fri&ien. 
and  in  coaches,  waggons,  fyc.  it  is  diminifhed  by  covering  the 
rubbing  furfaces  with  fome  oily  matter.  There  have  been 
many  examples,  during  the  great  heat  of  fummer,  of  coaches, 
and  other  machines  fubjedted  to  a  rapid  motion,  having  taken 
fire,  becaufe  the  greafing  them  had  been  negledted.  The 
greafe,  by  hardening  on  the  rubbing  furfaces,  inftead  of  di« 
ininifhing  the  fridtion,  increases  it;  and  as  this  covering  is  very 
combuftible,  it  renders  fpontaneous  inflammation  ftill  more 
eafy.  It  is  alfo  preferable,  in  many  circumftances,  to  rub 
machines  with  foap,  talc,  plumbago,  or  other  fubdances, 
which,  without  being  oily,  are  very  undtuous  to  the  touch. 


2.  A6lion  of  the  Sun . 

By  concentrating  the  folar  rays  with  convex  glades  or  con-  A&ionof  the 
cave  mirrors,  the  drongeft  heat  is  produced,  all  forts  of*u11, 
combuftibles  are  fet  on  fire,  and  the  mod  refradtory  fubftances 
are  melted  :  it  may  happen  that  other  bodies  may  be  found  in 
circumdances,  in  which,  without  our  concurrence,  they  pro¬ 
duce  the  effedts  of  glades  and  burning  mirrors:  although  thefe 
effedts  are  rather  phydeal  than  chemical,  it  is  neverthelefs 
edential  to  make  them  known,  to  guard  againd  their  danger. 

There  are  examples  of  fires  produced  by  large  glafs  bottles, 
filled  with  water  and  expofed  to  the  fun,  in  an  apartment. 

Whenever  the  form  of  the  veflel  is  nearly  dmilar  to  that  of  a 
.  ..  :  •  •  •  lenticular 
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Heat  from  in¬ 
comb  uftible 
bodies. 


New  metal 

iridium. 
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lenticular  or  fpherical  glafs,  (he  rays  are  refracted,  and  by 
uniting  in  a  focus,  produce  a  heat  capable  of  letting  fire  to 
the  combuftible  bodies  within  it. 

3.  The  Heat  excited,  in  Bodies  not  eombufliblc. 

It  is  known  that  quick-lime  plunged  into  water,  or  fimply 
moiftened,  produces  a  conliderable  heat.  This  method  has 
even  been  employed  with  fuccefs  for  heating  apartments, 
green-houfes,  hot-beds,  fyc.  at  little  expence.  This  property 
*ot  quick-lime  of  difengaging  much  heat  by  the  contact  of  wa¬ 
ter,  and  that,  not  Iefs  dangerous,  of  dilfolving  or  corroding 
animal  fubftances  immerfed  in  it,  require  the  greateft  precau¬ 
tions  when  a  conliderable  quantity  of  quick-lime  is  kept  to¬ 
gether.  To  preferve  it,  it  mult  be  protected  from  the  contact 
of  the  air  and  of  every  fpecies  of  humidity,  and  it  mult  be 
carefully  kept  at  a  diltance  from  all  combuftible  bodies,  fuch 
as  wood,  hay,  draw,  4'C.  which  might  inflame  fpontaneoufiy, 
if  the  lime  contracted  the  lead  humidity.  The  Journal  de  la 
Haute-Saone  gave  an  account,  laft  year,  of  the  definition  of 
a  barn,  one  of  the  wooden  partitions  of  which  took  fire  from 
a  heap  of  quick-lime,  intended  for  the  repairs  of  the  farm, 
having  been  carelefsly  laid  againfi  it. 

In  nature  a  great  number  of  analogous  phenomena  occur, 
in  which  bodies,  by  changing  their  composition,  or  by  con¬ 
tracting  new  combinations,  heat  fo  much,  or  difengage  fuch 
a  quantity  of  caloric,  that  other  combuftibles  which  are  near 
them  may  take  fire. 

(To  be  continued.) 


XIX. 

Difcovtry  of  two  new  Metals  in  crude  Platina .  By  Smithson 

Tenn  a  NT,  Efq.  F.  R.  S. 

At  the  laft  meeting  of  the  Royal  Society  a  paper  of  Mr. 
Tennant  was  read,  on  the  analyfisof  the  black  powder  which 
remains  after  difFolving  platina,  (hewing  that  it  contains  two 
new  metals.  Mr.  Tennant’s  firft  experiments  were  made  laft 

fummer* 
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lummer,  and  had  been  communicated  to  Sir  Jofeph  Bank1;,  after 
whic  h  an  account  of  one  of  tin  fe  metals  appeared  in  France, 
by  M.  Defcolil  *,  and  alfo  by  M.  Vauquelin-.  The  properties 
afcribed  to  it  by  the  French  chemifbs  are,  1.  That  it  reddens 
the  precipitates  of  platina  made  by  fal  ammoniac  ;  2.  That  it 
dillolves  in  marine  acid;  3.  That  it  is  precipitated  by  galls 
and  prufliate  of  potafh.  The  properties  mentioned  by  Mr. 

I  ennant  are,  that  it  difiolves  in  all  the  acids,  but  lead  in  marine 
acid,  with  which  it  forms  octahedral  cryflals.  The  folution 
with  much  oxigen  is  deep  red,  with  a  fmaller  proportion  green 
or  deep  blue.  It  is  partially  precipitated  by  the  three  alkalies 
when  pure.  All  the  metals,  excepting  gold  and  platina,  pre¬ 
cipitate  it.  Galls  and  precipitate  ofpotath  take  away  the  colour 
of  this  folution,  but  without  any  precipitate,  and  afford  an 
cafy  teft  of  its  prefence.  The  oxide  therefore  lofes  its  oxigen, 
by  water  alone.  When  combined  with  gold  or  filver,  it  can - 
.  not  be  feparated  by  the  ufual  procefs  of  refining  thefe  metals'.  As 
the  French  chemiffs  have  not  given  a  name  to  the  metal,  Mr. 

1  ennant  inclines  to  call  it  Iridium ,  from  the  various  colours  of  it 
in  folution. 

The  fecond  new  metal  is  obtained  by  heating  the  black  pow-  New  metal 
der  with  pure  alkali  in  a  filver  crucible.  The  oxide  of  this  metal 
unites  with  the  alkali,  and  may  be  expelled  by  an  acid  and  ob¬ 
tained  by  diftillation,  being  very  volatile.  The  oxide  has  a  very 
ftrong  fmell,  from  which  Mr.  Tennant  has  called  it  Ofmium. 

It  does  not  redden  vegetable  blues,  but  ftains  the  fkin  of  a  deep 
red  or  black.  The  oxide  in  folution  with  water  has  no  colour, 
but  by  combining  with  akalli  or  lime  becomes  yellow.  With 
galls  it  gives  a  very  vivid  blue  colour.  All  the  metals,  ex¬ 
cepting  gold  and  platina,  precipitate  this  metal.  If  mercury  is 
agitated  with  the  aqueous  folution  of  the  oxide,  an  amalgum 
is  formed,  which,  by  heat,  lofes  the  mercury,  and  leaves,  the 
;#fmium  pure  as  a  black  powder. 


*  See  our  Journal,  Vol.  VIII.  p.  118. 
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SCIENTIFIC  NEWS ,  AND  ACCOUNT  OF  BOOKS. 

Figure  of  the  Orbits  of  the  new  Planets .  By  Jeromf. 

de  Lalande. 

The  mean  di/lance  of  each  of  thefe  planets  from  the  fun  is 
2,77,  which  anfwers  to  227  million  of  geographical  miles 
nearly. 

Piazzi  or  Cfres>  djfcovered  Jem.  1,  1801. 


Revolution  4  years,  7  months,  10  days. 


Mean  longitude,  Jan.  1,  1804  - 

10s* 

11° 

59' 

Annual  motion 

2 
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14 
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26 

44 
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2 

21 

6 

Equation  of  the  orbit 
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3 

Eccentricity 
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10 
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Albers  or  Pallas ,  difcovered  March  28,  1802. 
Revolution  4  years,  7  months,  11  days. 


Mean  Longitude,  Jan.  1,  1804  - 

9s- 

29° 

53' 

Annual  motion 
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Aphelion  ... 

10 

1 
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23 

Equation  of  the  orbit 

28 

25 
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Philofophical  Tranfaftions  of  the  Royal  Society  of  London ,  for 
the  Year  1804.  Part  I.  4rto ,  182  Pages ,  with  five  Plates 
and  26  Pages  of  Melereological  Journal. 

THIS  Part  contains — i.  The  Bakerian  Leflure,  Experi¬ 
ments  and  Calculations  relative  to  Phyfical  Optics;  by  Tho¬ 
mas  \oung,  M.  D.  F.  R.  S.  2.  Continuation  of  an  Account 
of  a  peculiar  Arrangement  in  the  Arteries  diftributed  on  the 
Mufcles  of  flow  moving  Animals,  &c.;  in  a  Letter  from 
Mr.  Anthony  Carlifle  to  John  Symmons,  Lfq.  F.  R.  S. 

.  —  3.  An 
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3.  An  Account  of  a  curious  Phenomenon  obferved  on  the  Philofophical 
Glaciers  of  Chamouny ;  together  with  fome  occafional  Obfer- 
rations  concerning  the  Propagation  of  Heat  in  Fluids;  by  ciety. 
Benjamin  Count  Rumford,  V.  P.  R.  S,  Foreign  Aflociate  of 
the  National  Inftitute  of  France,  &c.  &c.  4.  Defcription  of 

a  triple  Sulphuret  of  Lead,  Antimony,  and  Copper,  from 
Cornwall;  with  fome  Observations  upon  the  various  Modes 
of  Attraction  which  influence  the  Formation  of  Mineral  Sub- 
fiances,  and  upon  the  different  Kinds  of  Sulphuret  of  Copper; 
by  the  Count  de  Bournon,  F.  R.  S.  and  L.  S.  5.  Analyfis 
of  a  triple  Sulphuret  of  Lead,  Antimony,  and  Copper,  from 
Cornwall,  by  Charles  Hatchett,  Efq.  F.  R.  S.  6.  Observa¬ 
tions  on  the  Orifices  found  in  certain  poifonous  Snakes,  fitu- 
ated  between  the  Nofiril  and  the  Eye;  by  Patrick  Ruflell, 

M.  D.  F.  R.  S. ;  with  fome  Remarks  on  the  Structure  of 
thofe  Orifices,  and  the  Defcription  of  a  Bag  connected  with 
the  Eye  met  with  in  the  fame  Snakes ;  by  Everard  Home, 

Efq.  F.  R.  S.  7.  An  Enquiry  concerning  the  Nature  of 
Heat,  and  the  Mode  of  its  Communication  ;  by  Benjamin 
Count  Rumford,  V.  P.  F.  R.  S.  Foreign  Aflociate  of  the 
National  Infiitute  of  France,  &c.  8.  Experiments  and  Ob¬ 

servations  on  the  Motion  of  the  Sap  in  Trees;  in  a  Letter 
from  Thomas  Andrew  Knight,  Efq.  to  the  Right  Hon.  Sir 
Jofeph  Banks,  Bart.  K.  B.  P.  R.  S.  Appendix,  Metereolo- 
gical  Journal  kept  at  the  Apartments  of  the  Royal  Society,  by 
Order  of  the  Prefident  and  Council. 


Analytical  Ejjdys  tozvards  promoting  the  Chemical  Knowledge  of 
Mineral  Subjlances.  By  Martin  Henry  Klaproth, 

Profeffor  of  Chemiftry,  A (p'JJbr  to  the  Royal  College  of  Phy - 
ficians ,  Member  of  the  Royal  Academy  of  Sciences  at  Berlin, 
and  various  other  learned  Societies.  Vol.  II.  8 vo,  267  Pages. 
Tranjlated from  the  German.  Cadell  and  Davies. 

THIS  work  is  tranflated  by  the  fame  learned  chemifi  to  Analytical 
whom  the  Scientific  world  is  obliged  for  the  former  volume.  £ffays* 

Its  valuable  contents  are  as  follow.  73.  Examination  of  the 
Auriferous  Ores  from  Tranfylvania.  74.  Analyfis  of  the 
Sulphated  Oxyd  of  Manganefe  from  Tranfylvania.  75.  Exa¬ 
mination  of  Tungftate  of  Lime  (Scheeluim).  76.  Gadolinite. 

77.  Examination  of  the  Egyptian  Natrum  (Soda).  78.  Stri¬ 
ated 
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aled  Soda.  79.  Analytis  of  the  native  Muriate  of  Ammoniac. 
80.  Examination  ofSaffolin.  81.  Examination  of  the  Plumofe 
Alum  from  Freyenwalde.  82.  Capillary  Sal t  (Halotrichium) 
from  Idria.  83.  Elaffic  Bitumen,  from  Derbyshire.  84.  Ex¬ 
amination  of  Mellilito.  85.  Umbra  (Umber).  86.  Examin¬ 
ation  of  the  muriated  Lead  Ore.  87.  Phofphated  Lead  Ores. 
88.  Sulphated  Lead  Ores.  89.  Tabular,  White  Lead  Ore, 
from  Leadhills.  90.  Examination  of  the  native  Reguline 
Antimony,  from  Andreafberg.  91.  Antimoniated  Silver, 
from  Andreafberg.  92.  Fibrous  red  Antimonial  Ore.  93. 
White  Ore  of  Antimony.  94.  Arfcmated  Olive  Copper  Ore. 
95.  Muriated  Copper  Ore.  96.  Phofphated  Copper  Ore. 
97.  Kryolite.  98.  Beryl.  99.  Emerald.  100.  Examination 
of  Klingftone  (Echodolite).  101.  Bafalt  (Figurate  Trapp). 
102.  Pitch  Stone.  103.  Addition  to  the  Analyfis  of  Pumice 
Stone  (EfTay  33).  104.  Examination  of  the  Jargon  ^ircon) 

from  Norway.  105.  Examination  of  Madreporite.  106. 
Pharmacolite.  107.  Scorza.  108.  Examination  of  the  Fi- 
bruous  Sulphate  of  Barytes.  109%  Tabular  Spar  (Safel-fpath). 
110.  Examination  of  Miemite.  111.  Examination  of  the 
prifmatic ,  Magnejian  Spar ,  from  the  Territory  of  Gotha.  1  12. 
Examination  of  the  ftriated  grey  Ore  of  Manganefe.  113. 
Earthy,  black  Oxyd  of  Manganefe.  114.  Examination  of 
the  Afphallum  from  Albania.  115.  Earthy  brown  Coal. 
116.  The  Hungarian  Pearl  Stone. 

***  W.  N.  acquaints  G.  S.  that  the  fuppofition  of  Du 
Hamel,  that  what  was  called  mild  volatile  alkali  contains 
chaik,  arofe  from  a  want  of  knowledge  of  the  carbonic  acid 
at  the  early  period  alluded  to  in  his  letter.  The  additional 
weight  in  the  carbonate  of  ammonia  arifes  from  carbonic  acid, 
and  there  is  no  reafon  to  fufpedt  any  volatilization  of  the  earth 
during  its  preparation.  If  any  were  prefent,  it  might  be  de- 
te&ed  by  fu  phuric  acid,  or,  in  preference,  by  oxalic  acid, 
either  of  which  wouid  carry  down  the  lime. 
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ARTICLE  1 . 

On  r/ie  Paftes ,  coloured  Glajfes,  or  Enamels ,  of  the  Ancients,, 

By  M.  Klaproth.* 

SECTION  FIRST. 

The  invention  of  glafs,  which,  in  various  refpedls  is  fo  highly  Hiftory  of  the 
valuable  a  production  of  art,  is  among  thofe  ancient  difcoveries  5nvenlion 
of  which  hittory  has  tranfmitted  us  fome  account.  Pliny  re-  pony’s  Ac- 
Jates  it  as  follows :  f  t(  Fatna  ejl,  adpulfa  nave  mercatorum  nitri,^ unt. 
cum  fparji  per  littus  epulas  pararent,  nec  ejfet  cortirds  attoLlendis 
lapidum  occajio,  glebas  nitri  e  nave  fubdidiffe.  Quibus  aecenjis , 
permixta  arena  litoris,  tranjlucentes  novi  liquoris  jluxijfe  rivos  ; 
et  hancfuiffe  originem  vitri. ”  It  we  fuppote  this  account  to  be 
merely  an  unfupported  tradition,  ftill  it  contains  in  itfelf  no 
circumftance  that  might  render  it  queftionable.  It  deferves 
rather  the  more  credit,  as  it  is  hardly  poffible  to  imagine  this 
invention  could  have  had  any  other  origin  than  that  of  ac¬ 
cident. 

*  Read  in  the  Royal  Academy  of  Sciences  at  Berlin,  October  4, 

1798. — Tranflatcd  by  N.  N.  who  received  a  copy  from  the  author, 
f  Lib.  XXXVI.  Cap.  65. 
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Phenicians. 


The  nltrum  or 
natrum  of  the 
ancients  was 
Coda  j 


Though  Pauw  and  fome  other  antiquaries  are  more  inclined 
to  aferibe  this  difcoverv  to  the  Egyptians,  who  arc  (aid  to  have 
Glafs-houfes  at  conflru&ed  the  firft  glafs-houfe,  in  the  remoteft  ages,  at  Diot- 

mo°ftPrcmotethe  P°l*s»  t,ie  ancient  capital  of  Thebais ;  yet  it  likewife  appears, 
ages,  from  (he  writings  of  the  ancients,  that  this  art  mud  have  ar¬ 

rived  at  a  confiderable  degree  of  perfection,  chiefly  among  the 
and  among  the  Phenicians;  as  alfo,  in  general,  this  nation  (eems,  in  her  flou- 
rifliing  age,  to  have  been  almofl  in  the  exclufive  pofleflion  of 
manufactures.  Sidon,  that  colony  of  theirs  fo  flouri filing  by 
commerce,  arts,  and  manufactures,  was  not  lefs  famous  on  ac¬ 
count  of  her  glafs-houfes.  Thefe,  according  to  the  tedimony 
of  Pliny,  obtained  for  fome  hundred  y  ears  the  chief  ingredients 
of  their  glafs  from  the  fea-lhore  near  the  Phenician  town  Acco, 
afterwards  called  Ptolemais,  and  now  St.  John  d’Acre,  in  the 
vicinity  of  the  fmall  river  Belus,  which  there  empties  itfelf  into 
the  Mediterranean. 

The  fubdance  which  the  ancients  employed  for  the  purpofe 
of  vitrifying  the  fand,  is  comprehended  by  the  early  authors  un¬ 
der  the  name  of  nitrum ;  but  it  has  long  been  generally  agreed, 
that  they  did  not  mean  by  it  our  nitrate  of  potafh,  but  the  mine¬ 
ral  alkali  or  foda;  confequently  their  nitraria  were  not  nitre- 
works,  but,  flrictly  fpeaking,  refineries  of  foda.  And  from 
the  defcriptions  which  Plinv  and  others  have  given  of  their 
natrum  and  its  properties,  it  is  rendered  probable,  that  in  thofe 
or  rather  it  con-  times  all  faline  fubdances,  whether  efflorelicing  upon  the  foil  or 

fitted  of  any  fait  ]eft  by  dried  lakes,  if  not  belonging  to  the  muriatic  genus,  were 
left  upon  the  .  TT  &  „  .  6  .  '  . 

ground  (not  conudered  as  natrum.  Hence  undoubtedly,  among  thole  (alts 

muriatic);  often  occurred  real  nitre  as  well  as  native  fulphate  of  foda. 

This  impure  fait  However,  fuch  confufion  in  their  ufe  in  manufacturing  glafs 

has  not  produced  any  real  detriment;  fince  the  longer  time 

during  which  the  ancients  expofed  their  materials  for  glafs  to 

the  action  of  the  fire,  has  been  more  than  fuffeient  to  decom- 

pofe  thofe  neutral  falts,  and  to  expel  from  them  their  acid  con- 

dituent  parts. 

The  art  of  co-  The  art  of  colouring  glafs  feems  to  be  of  nearly  the  fame  an- 
lourmg  glafs  is  tiquity  as  the  invention  of  making  it ;  as  is  evident  not  only  from 
flmtm Equity  as  feveral  paflages  in  the  ancient  wrriters,  but  may  alfo  be  proved  by' 
glafs  itfelf.  actual  documents,  and,  among  others,  by  the  varioufly  coloured 
gkifs-corals,  with  which  feveral  of  the  preferved  Egyptian  mum¬ 
mies  are  decorated.  This  art  fuppofes  the  pofleflion  of  fome  che¬ 
mical  knowledge  of  the  metallic  oxides,  bccaufe  thefe  are  the 

only 


was  not  detri 
mental  to  the 
glafs. 
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only  fubftances  capable  of  producing  fuch  an  effe6t.  But  it 

would  be  a  problem  of  difficult  folution  to  determine,  what 

were  the  means  and  proceffies  employed  by  the  ancients  for 

this  purpofe,  as  they  had  no  acquaintance  with  the  mineral  Though  the  an- 
,rr  y  1  cients  were  iga 

acids,  which,  at  prefent,  are  ufually  employed  in  the  prepa-  norant  0f  0ur 

ration  of  metallic  oxides.  It  is  neverthelefs  certain,  that  the  mineral  acids, 
...  .  ,  ,  r  n  ,  .  c\  ’  they  made  co¬ 

art  of  giving  many  various  colours  to  glals  mutt,  at  leatt  in  joured  paftes  in 

later  times  among  the  Greeks  and  Romans,  have  reached  an  high  perfection, 

eminent  degree  of  perfection  ;  for  they  knew  how  to  imitate, 

by  their  partes  of  glafs,  even  thofe  gems  which  have  a  deep 

colour,  fo  as  to  deceive  the  eye  very  confiderably.  A  proof 

of  this,  among  olhers,  is  afforded  by  the  following  words  of 

Pliny  *,  relating  to  the  artificial  imitation  of  the  carbuncle ,  a 

gem  then  in  the  highert  eftimation  :  “  Adnlterantur  vitro  fanil - 

lime  :  fed  cote  deprehenduntur,  ficut  cilice  gemmae  factitice.” 

It  w'as  in  the  time  of  Augufius  that  the  Roman  architects  Roman  mofalc 

beg^n  to  make  ufe  of  coloured  glafs  in  their  mofaic  decora-  wor^ 

tions,  befides  the  feveral  fpecies  of  marble  and  other  coloured 

(tones,  which,  before,  were  ulually  employed  with  that  de- 

(ign.  Such  an  application  of  the  glafs-partes  was  reforted  to 

in  a  villa  built  by  the  emperor  Tiberius  on  the  iflandof  Capri, 

as  is  (hewn  by  fpecimens  lately  found  among  its  ruins.  I  fub- 

jedted  fomd  of  thefe  in  my  poffeffion  to  chemical  analyfis, 

chiefly  for  the  purpofe  of  difcovering  what  metallic  fubrtances 

the  ancients  employed  to  tinge  thofe  varioully  coloured  maffes 

of  glafs. 

I.  Antique  Red  Glafs. 


The  colour  of  this  glafs-parte  is  a  lively  copper-red.  The  Antique  rei 
mafs  is  perfectly  opake,  and  very  bright  at  the  place  of  recent slafs* 
fradture.  This  is  probably  the  very  fame  glafs,  of  which  Pliny 
fays :  *  “  Fit  el  toium  rubcns  vitrunij  atque  non  tranjlucens , 

Haematinon  adpellatum ” 

(a)  Tivo  hundred  grains  of  this  red  glafs  were  finely  tritu-  Analyfis,  200 
rated,  and,  together  with  400  grains  of  caujlic potajh,  ignited 
for  half  an  hour;  by  which  management  the  mixture  foon  en-  400  gr.  potafhj 
tered  into  a  thin  fufion.  After  cooling,  the  whole  mafs  was 
foftened  with  water,  then  fuperfaturated  with  muriatic  acid;  foftened  with 
and.  after  this  mixture  had  been  again  infpiffated  to  a  faline  wacer  >  fuP®rf** 

'  0  ‘  turaied  with 


*  Lib.  XXXVII.  Cap.  26. 

Q2 


muriatic  acid  ; 
in lpi (fated  ; 
dift'ufed  in  much 
mafs,  hot  water* 
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mafs,  it  was  again  difFufed  in  a  large  quantity  of  boiling  water, 
to  which  a  flight  portion  of  muriatic  acid  had  previo  illy  been 
Silex  fell  down,  added.  Siliceous  earth  feparated  ;  which,  collected,  edulco¬ 
rated  and  ignited,  weighed  142  grains. 

The  remaining  (b)  The  filtered  folution  poflefled  a  green  colour;  and  when 
c”>Uftal”ofPrr!u-d  concentrated  by  evaporation,  it  depofited  needle-fhaped  cryf- 
riate  of  lead  by  tals.  When  on  continuing  the  evaporation  no  more  fuch  cryf- 
evaporation.  tals  Would  appear,  the  remaining  fiuid  was  diluted  with  fpirit 
of  wine,  and  thrown  upon  the  filter.  The  collected  cryltals 
were  wafhed  with  fpirit  of  wine  and  dried  in  a  warm  tempera¬ 
ture,  upon  which  they  weighed  32f-  grains.  They  confided 
of  muriated  lead,  equivalent  to  2S  grains  of  gently  ignited 
oxide  of  lead. 


The  liquid  was 
then  fuperfatu- 
rated  with  am¬ 
monia,  and  alu - 
rnine  was  fepa¬ 
rated  : 

The  rem.  fiuid 
being  fat.  with 
aiur.  acid,  then 
evap.  and  precip. 
by  oxalate  of 
potato,  gave  ox. 
of  lime. 

Copper  was  then 
precip.  by  iron . 


Purification  of 
the  precipitated 
alamine. 


Infoluble  part 
was  iron. 


(c)  l  then  fuperfaturated  with  caujlic  ammonia  the  folution 
thus  freed  from  its  contents  of  lead.  It  was  now  of  a  dark-blue 
colour,  and  let  fall  a  grey  precipitate;  which  being  feparated, 
the  folution  was  again  neutralized  with  muriatic  acid,  reduced 
by  evaporation,  and  upon  this  combined  with  oxalate  of  potajh 
as  Jong  as  any  turbidnefs  enfued.  The  precipitate  thence 
formed  was  oxalate  of  lime,  which  after  ftrong  ignition  yielded 
three  grains  of  pure  calcareous  earth, 

(d)  The  ingredient  copper  was  now  precipitated  from  the 
folution,  by  immerfing  into  it  a  poliflied  piece  of  iron.  The 
reguline  copper  obtained  by  this  procefs  amounted  to  twelve 
grains,  for  which  fifteen  grains  of  oxided  copper  muft  be  put 
in  the  account. 

( e)  The  above  grey  precipitate  ( c )  thrown  down  by  the 
cauflic  ammoniac,  was  mixed  and  digefled  with  liquid  cauftic 
foda.  When  to  the  filtered  folution,  again  fuperfaturated  with 
muriatic  acid,  carbonate  of  J'oda  was  added,  aluminous  earth 
fell  down,  which  after  waffling  and  ignition  amounted  to  five 
grains. 

(f)  The  remaining  part  that  was  left  undiflblved  by  the- 
caultic  lye,  appeared  of  a  black-brown  tinge.  This,  after 
walfling  and  expolure  to  red  heat,  weighed  two  grains,  and 
was  oxided  iron. 


Hence,  according  to  (his  analyfis,  the  Aim  of  the  conflituent 
parts  ol  the  tzoo  hundred  grains  ol  the  red  antique  glajs-pajle  de- 
compofed,  con  fills  of, 


Silex 
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Silex 

(a) 

142  grains. 

Compofition  ©f 

Oxide  of  Lead  - 

(b) 

28  - 

the  xed  glafs. 

-  of  Copper 

(d) 

15  - 

-  of  Iron 

(f)  - 

2  - - 

Alumine 

(e) 

5 

Lime  »• 

(c) 

3 

195 

On  comparing  the  external  characters  of  this  red  glafs-pafte  was.  probably 
with  the  cupreous  fcorim  of  a  lively  brown-red,  iuch  as  is  COpper  work#, 
fometimes  obtained  on  melting  copper  ores,  it  is  rendered 
highly  probable,  that  the  ancients  did  not  compound  the  above 
pafte  direCtly  from  its  fimple  conftituent  parts,  but  inftead  of 
them  have  perhaps  employed  copper  fcoriz?.  On  that  fuppo- 
fition  they  had  nothing  more  to  do,  than  to  feleCt  the  beft  co¬ 
loured  pieces  to  fufe  and  caft  them  into  plates. 


II.  Antique  Green  Glafs-Pafie. 

The  colour  of  this  green  pafte  is  a  light  verdigris.  Its  mafs,  Antique  green 
like  that  of  the  preceding,  is  opake,  and  of  a  fcoriaceous  fplen-  ^alyfolsln 

dent  fraCture.  §•  *• 

For  its  chemical  analyfis  I  employed  two  hundred  grains, 
which,  having  been  treated  in  exaCtly  the  fame  manner  as  the 
foregoing,  I  found  to  confilt  of  the  following  ingredients ; 


Silex 

Oxide  of  Copper 

- Lead 

- Iron 

Lime 

Alumine 


130  grains. 

20 - 

15  - f 

7 - . 

13 - - 

li  - - 

196  grains. 


Component  parts 
of  the  green 
enamel : 


This  green  glafs-pafte,  then,  contains  the  fame  conftituent  Dlffer  only 
parts  as  the  red,  only  in  different  proportions.  Both  receive  proportion^ 
their  colour  from  copper  :  But  the  realon  why  this  metal  Pr9*  grecn, 
duces  in  the  one  a  red,  and  in  the  other  a  green  colour,  de¬ 
pends  on  the  different  degrees  of  its  oxidation  or  faturation 
with  oxigen. 

It  is  one  of  the  chemical  properties  of  copper,  that  in  the 
fiate  of  a  fub-oxide,  that  is  only  half  faturat^d  with  C^igen, 

'  A  '  ft 
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it  produces  a  copper-red  enamel;  while,  on  the  contrary, 
when  perfectly  oxided  or  fully  laturated  with  that  acidifying 
principle,  the  enamel  which  it  yields  is  green.  Pliny  men¬ 
tions  feveral  preparations  of  copper  that  were  in  ufe  in  his 
time  ;  he  only  dwells  too  long  on  enumerating  their  pretended 
medicinal  virtues.  Of  fuch  artificial  preparations  of  copper 
fome  might  have  been  ferviceable  in  making  green  glafs- 
paftes,  in  the  cafe  that,  perhaps,  the  native  oxides  of  copper, 
of  which  in  particular  the  copper-mines  on  the  ifland  of  Cyprus 

could  afford  copious  quantities,  were  not  then  employed  for 

1 ' .  * 

this  purpofe. 


generally. 


III.  Antique  Blue  Glafs. 

Whetherthe  an-  My  leading  object  in  chemically  decompofing  this  glafs,  was 
ghfs^bytobaft1  ^ie  ^0’ud°P  ^ie  queftion  :  What  was  the  colouring  matter 
which  the  ancients  employed  in  order  to  tinge  their  glafs  blue? 
The  ftriking  fimilarity  of  the  colour  of  the  blue  antique  glafs 
to  that  of  our  modern,  which,  as  is  well  known,  is  tinged  by 
means  of  cobalt,  has  induced  feveral  learned  men  to  conjec¬ 
ture,  that  even  the  ancients  muff:  have  been  acquainted  with 
this  foffil,  as  well  as  with  its  properties  of  colouring  glafs  blue. 
This  was,  likevvife,  the  opinion  of  Ferber,  w  hen  in  his  Letters 
The  affirmative  from  Italy,  page  1 14,  he  fays  ;  **  In  the  villa  Adriani  rear  Ti¬ 
voli,  near  Frefeati,  and  in  feveral  places,  antique  mufaic  works 
hare  been  found  which  exhibited  fame  cubes  of  a  blue  vitreous 
compofuion,  and  ferve  as  a  proof ,  that  the  ancients  mnft  hare 
known  the  ufe  of  cobalt  and  the  preparation  of  fmalt.”  This 
opinion  he  repeats  in  various  places. 

This  opinion  being  fupported  by  no  chemical  proof,  refts 
folely  on  the  fuppofition,  that  cobalt  is  the  only  fubffance 
which  is  capable  of  affording  a  blue  enamel.  However,  it  is 
certain  the  ancients  knew  the  art  of  giving,  by  means  of  iron, 
a  blue  colour  to  glafs  refembling  that  which  we  produce  by 
cobalt. 

A  chemical  demonftration  of  this  fa&  has  been  given  by 
Gmelin  of  Gottingen,  in  his  Chemical  Examination  of  a  Blue 
Glafs  from  an  antique  Mofuic  Fragment*,  which  was  found  in 
digging  a  garden  at  Miimpelgard,  and  is  probably  of  Roman 


but  erroneoufly 
fuppofed. 


The  contrary 
{hewn  by 
Gmelin, 


*  Commentat.  Gotting.  Vol.  II. 
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origin.  It  is  true  that  Gmelin  could,  in  his  examination, 
employ  no  more  than  the  i mail  quantity  of  a  few  grains  ; 
but  the  refults  were  fufficient  to  (hew,  that  the  colouring 
principle  in  his  fpecimen  originated  not  from  cobalt  but  from 
iron. 

A  like  refult  is  afforded  by  the  following  decompofition  of  and  by  our  au- 

thor. 

the  blue  glafs  from  the  ruins  at  Lapri. 

Its  colour  is  a  favnhire-bluc  verging  towards  that  of  fmalt.  Antique  blue 
It  is  tranfparent  on  the  edges  only.  Its  fracture,  as  well  as  perfe&ly^opake. 
that  of  the  preceding,  comes  nearer  to  the  {coriaceous  and 
conchoidal  than  to  the  fplintery.  Some  of  thefe  blue  glafs.-  Some  plates  are 
plates  are  particularly  difiingui filed  by  this  circumftance,  that  certain^ depth, 
they  are  not  coloured  blue  throughout  the  whole  of  their  mafs» 
but  only  to  about  two-thirds  of  their  thicknefs.  Each  of  the 
itrala  is  fo  nicely  difiinct  from  the  other,  as  to  give  the  appear¬ 
ance  of  two  plates  adhering  at  their  broad  furfaces;  the  one 
blue,  the  other  colourlefs. 

(a)  'Two  hundred  grains  of  the  above  blue  pafte  were  re-  Fufion  with 

duced  to  a  fubtile  powder,  and  fufed  with  400  grains  of  caujiic  &c.  gave 

jo  da.  The  obtained  mafs,  foftened  with  water,  was  faturated 

to  excefs,  and  evaporated  to  a  moderate  drynefs.  When  re- 
diffolved  in  boiling  water,  it  depoiited  Jjliceous  earth ,  which, 
after  waffling  and  ignition,  amounted  to  163  grains. 

(b )  The  fluid  was  then  fuperfaturated  with  caujiic  ammonia .  Alumme  by  the 
A  brown  precipitate  thence  enfued,  which,  upon  edulcoration,  proofs  with  am- 
I  digefted  with  a  folution  of  caufiic potajh.  The  flight  portion 

taken  up  of  it  by  this  alkali  was  again,  after  faturating  the  lix¬ 
ivium  with  an  excefs  of  muriatic  acid,  precipitated  by  means 
of  carbonated  foda,  and  proved,  upon  edulcoration  and  red 
heat,  to  be  aluminous  earth,  amounting  to  three  grains. 

(c)  What  remained  undiflblved  by  the  cauftic  potafh,  was  Oxided  iron, 
merely  oxided  iron ,  weighing  nineteen  grains  when  ignited 

and  waffled, 

(cl)  The  liquor  that  had  been  fuperfaturated  with  cau flic  T^e  nqu;a  con- 
ammonia  and  poffefled  a  blueifli  tinge,  was  by  flow  evapora-  tained  a  little 
tion  fo  far  reduced  to  a  (mailer  volume,  that  the  greateft  part cb°uptp^  ™bal™' 
of  the  muriate  of  foda,  which  had  been  generated  and  con¬ 
tained  in  it,  could  feparatein  cryftflJs.  The  fluid  feparated  from 
thefe,  in  which  the  acid  predominated,  and  which  now  hardly 
exhibited  any  perceivable  greenifli  colour,  was  in  vain  exa¬ 
mined 
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mined  for  cobalt  *.  It  contained  only  a  (light  trace  of  copper 
and  lime.  The  firft  of  thefe  was  made  to  appear,  by  com¬ 
bining  the  fluid  with  pruffiate  of  potajh,  and  the  brown-red 
precipitates  thus  obtained  amounted  to  a  1 1 1 Lie  more  than  two 
grains,  which  are  to  be  confidered  equivalent  to  about  one 
grain  of  oxided  copper. 

(e)  At  lad,  carbonated  foda  threw  down  about  half  a  grain 
of  calcareous  earth. 

Component  parts  confequence  of  this  decomposition,  thofe  tiro  hundred 
*s  enamel?  PaftCgra‘ns  of”  the  antique  blue  glafs-pafle,  mud  have  contained  the 
following  earthy  and  metallic  eondituent  parts : 


Siler 

(a) 

163.  grains. 

Oxide  of  Iron 

(c) 

19. - 

Al amine  - 

1 

3. - 

Oxide  of  Copper 

(d) 

1. - 

Lime 

(e) 

0.5 - 

186.5 

f  *  i 

Other  expert-  As  I  have  fubjefled  the  above  blue  glafs  to  feveral  other 
rnad^but^ew-  exPerirnents>  merely  with  an  intention  of  difeovering  the  co¬ 
ed  no  cobalt.  baltic  portion  it  might  podibly  contain,  yet  without  finding 
the  lead  trace  of  it,  there  appears  to  be  no  doubt,  that  its 
Iron  can  afford  blue  colour  entirely  depends  on  the  ingredient  iron.  That 

i  i  I  *  ,  0 

as  ^feeiTbfthe  *ron>  un(fer  fome  circumftances,  is  capable  of  producing  a 
fmelting  works,  blue  enamel,  is  clearly  (hewn  by  the  beautifully  blue  coloured 
fcorirn  of  iron,  which  frequently  are  met  with  in  the  high 
iurnaces  on  1  melting  (iliceous  iron-ftories.  But  we  are  not 
fufficiently  acquainted  with  the  circumftances  and  conditions 
under  which  this  colour  is  produced  ;  for  the  aflertion  of 
Henckel,  and  fome  other  earlier  authors,  that  by  means  of 
iron,  cemented  with  arfenic,  the  fame  blue  tinge  can  be  given 
glafs  which  it  acquires  from  cobalt,  has  not  yet  been  diffidently 

%  .  '  \  »  .•  \  t||l« 

*  It  is  well  known  that  nature  tinges  the  fapphire ,  lapis -lazuli, 
blue  clays ,  &c.  by  means  of  iron  without  cobalt  j  but  man  is  ndt 
poffeffed  of  her  means.  A  chemical  friend,  with  whom  the  tranf- 
lator  had  a  converfation  on  this  fubjeft  and  on  the  difficulty  of 
proving  the  accuracy  of  the  above  analyfis  by  a  fynthetical  procefsy 
jbggefted  the  idea,  that  fuch  a  blue  pade  could,  perhaps,  be  made 
without  cobalt  bv  the  intermedium  of  lapis-lazuli  j  an  idea  which 
pay  afford  a  fubjeft  for  experiment. — Tranjl , 

confirmed. 


COLOURED  CLASSES  OF  THE  ANCIENTS. 


233 


confirmed.  Whence,  after  the  difcovery  of  the  blue  from 
cobalt,  the  art  of  tingeing  glafs  blue  by  means  of  iron  has  had 
the  fame  fate  with  feveral  other  attainments  now  loft;  namely, 
to  have  been  difcarded  and  forgotten  on  the  account  of  new 
invented,  more  commodious,  and  certain  expedients  and 
methods. 

SECOND  SECTION. 


THESE  coloured  mufaic  glafs-paftes  of  the  ancients  agree, 
with  refpeft  to  their  opacity  and  fcoriaceous  fra£hire,  with  our 
modern  enamels.  On  the  other  hand,  the  deceitful  imitations 
of  gems  already  mentioned  before  fhew,  that  the  ancients 
likewife  knew  how  to  prepare  beautiful,  high-coloured,  and 
tranfparent  glafs-paftes. 

But  however  well  known  thofe  works  in  glafs  of  the  an¬ 
cients  may  be,  fince  both  earlier  and  later  writers  have  given 
lufficient  information  of  them,  and  feveral  fpecimens  pre- 
ferved  in  the  collections  of  antiquaries  afford  a  dire£t  know¬ 
ledge  of  this  fubjetfr ;  it  is,  on  the  contrary,  very  furprifing, 
that  antiquaries  are  fo  little  acquainted  with  that  entirely  pe¬ 
culiar  and  by  far  more  remarkable  painting  on  glafs,  which  is 
formed  of  varioufly  coloured  delicate  glafs  fibres,  joined  with 
the  greateft  nicety,  and  by  fubfequent  fufton  conglutinated  in¬ 
to  an  homogeneous  compact  inafs.  In  the  earlier  works  on 
antiquities  this  fcarce  production  of  art  is  not  at  all  mentioned  ; 
the  reafon  of  which  is  probably  this,  that  the  fpecimens  now 
exifting  of  it  were  found,  perhaps,  only  about  the  middle  of 
this  (laft)  century. 

Among  later  antiquaries  Count  Caylus  appears  to  be  the 
firft,  who  in  his  Colledtions  of  Antiquities  has  given  informa¬ 
tion,  accompanied  by  rather  inadequate  drawings,  of  this  fin- 
gular  fpecies  of  mofaic  work.  Winkelmann  has  afterwards,  in 
his  Annotations  on  the  Hiftory  of  the  Art  among  the  Ancients , 
(page  5,  fcq.)y  more  accurately  delcribed  two  other  antiques 
of  this  kind,  with  the  appellation,  Pidlures  made  of  Glafs - 
Tubes,  in  the  following  paftage  :  **  The  works  of  the  ancients 
in  glafs,  which  are  not  noticed  in  the  Hiftory  of  the  Arts,  de- 
ferve  particiftarly  to  be  mentioned  in  this  place  ;  more  efpe- 
cially,  becaufe  the  ancients  carried  the  art  of  working  in  glafs 
to  a  much  higher  degree  than  we  have  arrived  at ;  a  fact 
which,  to  thofe  who  have  not  feen  their  works  of  this  kind, 

might 


The  preceding 
glades  refemble 
our  enamels  } 


but  the  ancients 
puUefied  another 
method  of  paint¬ 
ing,  little  known 
to  antiquaries : 


It  is  formed  of 
delicate  fibres  of 
glafs  united  by 
fufion  : 


Firft  mentioned 
by  Count 
Caylus. 


Ample  deferip- 
tion  by  Winkd- 
mann. 
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might  have  the  appearance  of  a  groundlefs  afTerlion.”  After 
which  he  mentions  a  floor  formed  of  green  glafs-plates  diico- 
vered  in  the  Farnefe-ifland,  as  well  as  fome  fragments  of 
glafs-cups,  which  mud  have  been  turned  on  the  lathe,  and 
then  proceeds  as  follows:  “  But  the  art  flrongly  claims  our 
admiration  in  two  fmall  pieces  of  glafs,  which  !aft  year  (1765) 
were  brought  to  Rome.  Each  of  them  is  not  quite  one  inch 
Very  curious  ^  long,  and  one-third  of  an  inch  broad.  One  plate  exhibits,  on 
of  a^duck  $am  a  dark  ground  of  variegated  colours,  a  bird  reprefenting  a 
duck  of  various  very  lively  colours,  more  fuitabLe  to  the  Chi- 
nefe  arbitrary  tafle,  than  adapted  to  fliew’  the  true  tints  of  na- 
„  ture.  The  outlines  are  well  decided  and  fharp,  the  colours 

beautiful  and  pure,  and  have  a  very  flriking  and  brilliant 
effect;  becaufe  the  art i ft,  according  to  the  nature  of  the  parts, 
has  in  fome  employed  an  opake,  and  in  others  a  tranlparent 
traced  and glafs.  The  mod  delicate  pencil  of  the  miniature  painter 
treme  accuracy  could  not  have  traced  more  accurately  and  diflin&Iy,  either 
and  ;  the  circle  of  (he  pupil  of  the  eye,  or  the  apparently  fcaly  fea¬ 
thers  on  the  breafl:  and  wings,  behind  the  beginning  of  which 
and  continued  this  piece  had  been  broken.  But  the  admiration  of  the  be- 
wboU  tbiclnefi  0/h  older  is  at  the  highefl  pitch,  when,  by  turning  the  glad,  he 
the  piece,  mi-  fees  the  fame  bird  on  the  reverfe,  without  perceiving  any  dif- 

Tctb'jurf 'aces*  Terence  >n  the  (mallefl  points;  whence  we  could  not  but  con¬ 
clude,  that  this  picture  is  continued  through  the  whole  thick- 
nefs  of  the  fpecimen  ;  and  that,  if  the  glafs  were  cut  tranf- 
verfely,  the  fame  picture  of  the  duck  would  be  found  repeated 
in  the  feveral  flabs ;  a  eonclufion  which  was  ftill  farther  con¬ 
firmed  by  the  tranfparent  places  of  fome  beautiful  colours  upon 
the  eye  and  bread  that  were  obferved.  The  painting  has  on 
both  fides  a  granular  appearance,  and  feems  to  have  been 
formed,  in  the  manner  of  mufaic  works,  of  Angle  pieces ;  but 
fo  accurately  united,  that  a  powerful  magnifying-glafs  was 
unable  to  difeover  any  junctures.  This  circumflance,  and  the 
continuation  of  the  picture  throughout  the  whole  fubftance, 
rendered  it  extremely  difficult  to  form  any  diredt  notion  of  the 
It  is  found  to  procefs  or  manner  of  performing  fuch  a  work.  And  the  con- 

onfifl:  of  threads  cer)tjon  might  have  long  continued  enigmatical,  were  it 

of  glafs  feen  ‘  ,  r  r  .i  rv  o  •  ,  ,* 

endwife.  not  that,  on  the  lection  ot  the  fracture  mentioned,  lines  are 

obfervable,  of  the  fame  colours  which  appear  on  the  upper 

furface,  that  pervade  the  whole  mats  from  one  fide  to  the 

other;  whence  it  became  a  rational  conciulion,  that  this  kind 

of 
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of  painting  muft  have  been  executed  by  joining  varioufly  co¬ 
loured  filaments  of  glafs,  and  fublequently  luting  ot  the  fame 
into  one  coherent  body.  The  other  fpecimen  is  of  about  the  Another  fpecl- 
fame  tize,  and  made  in  the  fame  manner.  It  exhibits  orna-  mjrajjje# 
mental  drawings  ot  green,  white,  and  yellow  cojouts,  which 
are  traced  on  a  blue  ground,  and  reprefent  volutes,  beads,  and 
flowers,  retting  on  pyramidally  converging  lines.  All  thefe 
are  very  diftind  and  feparate,  but  fo  extremely  final  I  that  even 
a  keen  eye  finds  it  difficult  to  purfue  the  fubtle  endings,  thofe 
in  particular  in  which  the  volutes  terminate.  Isiot  with  hand¬ 
ing  which,  thefe  ornaments  pafs  uninterruptedly  through  the 
whole  thicknefs  of  the  piece.” 

Of  the  fame  glafs-pafte,  which  has  been  here  deferibed,  The  fame  were 
mention  is  made  by  Sulzer  in  his  Theory  of  the  Polite  Arts,  un*  ^  > 

der  the  article  Mvfaic  (mofai'ch).  Having  feen  the  piece 
itfe'f  in  the  houfe  of  its  then  pofieUbr,  Cafanova,  at  Drefden, 
he  confirms,  in  the  capacity  of  an  eye-witnels,  the  defcripllon 
given  by  Winkelmann,  and  calls  it  “  a  remnant  of  antiquity, 
which  indicates  the  exigence  of  an  art  brought  to  the  highefl 
degree  of  perfedion.” 

Mr.  Townley,  of  London,  enumerates/  among  the  principal  Extremely  mi- 
rarities  of  his  celebrated  cabinet  ot.  antiquities,  the  done  ol  a  Tcwnlcy’s^ol- 
ring  of  a  fimilar  antique  glafs-pade,  which  reprefents  a  bird  ofleftion. 
fo  fmall  a  delineation,  that  it  cannot  be  diftindly  feen  but  by  ^ 

means  of  a  magnifying  lens. 

As  very  few  fpecimens  of  this  fpecies  of  glafs-painting,  Two  fpecimens 
which  undoubtedly  mud  be  reckoned  among  the  lod  attain-  't^ep°^^n  of 
ments  of  art,  and  of  which  even  the  exidence  is  dill  fo  little 
known,  are  met  with  ;  I  think  it  not  fuperfluous  to  give  the 
following  notice  of  two  new  famples  which  I  podefs  of  this 
clafs  of  aniique  fubjeds.  Both  pieces  have  a  beart-fliaped  Defcription. 
form.  The  principal  front  is  dat,  the  reverfe  is  convex,  and 
has  from  .eight  to  ten  prominences  (Ecken).  The  length  of 
one  of  them  is  one  inch,  the  breadth  four- fifths,  and  the  thick¬ 
nefs  two-fifths  of  an  inch.  The  other  fpecimen  is  two-thirds 
fmaller.  As  to  colouring  and  manner  of  drawing,  they 
are  both  nearly  alike.  The  principal  mafs  of  the  larger  is  of 
a  dark-blue,  and  wholly  opake ;  but  that  of  the  fmaller  is  a 
fapphire-blue,  and  in  fome  places  tranfparent.  The  blue 
ground  is  embellifhed  with  vpluted,  dellular,  minute  flowers, 
of  fo  very  fmall  a  delineation  as  to  be  hardly  imitable  by  the 

4  pencil 
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Coloured  plate 
of  the  larger 
fpecimen. 


Invention  of 
Meyer  to  multi- 
p'y  copies  of 
paintings* 


pencil  of  the  miniature  painter.  The  colours  of  thefe  flower* 
like  ornaments,  which  are  red,  green,  brown,  (ky-blue,  and 
white,  are  pure  and  lively.  The  delineations  pervade  the 
whole  fubflance,  and  upon  a  broken  part  it  is  feen  by  mere 
infpedlion,  that  thefe  delicate  figures  have  been  formed  of 
parallel  glaffy  fibres  of  various  colours,  conglutinated  by  means 
of  gentle  fufion. 

As  the  drawings  given  by  Count  Caylus  afford  but  a  very 
imperfedt  idea  of  that  ingenious  enamel-painting,  I  fubmit  here 
a  delineation  of  the  larger  of  my  two  fpecimens.  Fig.  1, 
Plate  X III.  reprefents  it  in  its  true  fize ;  Fig.  2  exhibits  it 
magnified. 

On  this  occafion  the  following  paflage  from  a  letter  of 
M.  Kaftner  *,  concerning  an  invention  of  the  celebrated 
Tobias  Mayer,  may  well  deferve  a  place  here.  “  Mayer 
poflfefled  the  art  of  making  a  number  of  perfedtly  fimilar  copies 
of  a  painting.  He  compounded  his  pidture  of  coloured  ivax- 
crayons ,  in  the  fame  manner  as  a  prifm  may  be  compofed  of 
thinner  prifms  of  the  fame  length.  Every  tranfverfe  cutting 
afforded  then  a  copy.”  Meyer  might  probably  have  been  led 
to  this  method  of  imitation  in  wax,  from  the  infpedtion  of  a 
mufaic  work  of  the  kind  here  deferibed. 


II. 


On  Spontaneous  Inflammations.  By  G.  C.  Bartholdi,  Pro- 

feffor  of  Phyfic  and  Chemijlry . 

\ 

(Concluded  from  Page  220. ) 

4.  The  Fermentation  of  Animal  and  Vegetable  Subflances . 

Heat  from  fer-  The  greater  part  of  animal  and  vegetable  fubfianees,  when 
mentation.  they  ftill  retain  humidity,  and  are  accumulated  into  large 
maffes,  enter  into  fermentation,  a  change  in  their  compofition 
is  effedted,  and  they  frequently  heat  to  the  point  of  inflamma¬ 
tion.  It  is  thus  that  magazines  of  hay,  of  turf,  of  flax,  of 
hemp,  flacks  of  hay  or  flraw,  heaps  of  linen-rags  in  paper- 
mills,  fyc.  take  fire  fpontaneoufly. 

*  Allgem  eine  Ccograplifchc  Epbemcridert,  by  Zach,  17 98, 
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It  is  principally  hay  which  requires  precaution  ;  it  the  hay- 
harveft  happen  in  rainy  weather,  it  is  commonly  flacked  be¬ 
fore  it  is  thoroughly  dry,  and  in  this  flate  is  more  dilpofed  to 
ferment  and  to  heat.  If  a  hay-flack  is  obferved  to  be  in  fer¬ 
mentation,  great  care  muft  be  taken  not  to  throw  it  down  too 
fuddenly,  the  exterior  layers  mull  be  carefully  detached  one 
after  the  other.  It  almoft  always  happens,  that  when  a  hole 
is  made  in  the  middle  of  a  flack  of  heated  hay,  it  takes  fire 
fuddenly. 

Nothing,  however, , is  more  eafy  than  to  prevent  thefe  fatal  Utility  of  addii* 
accidents :  when  there  is  any  reafon  to  fear  that  the  hay  which  ^ 

is  intended  to  be  houfed  or  flacked,  is  not  lufficiently  dry,  it 
is  only  neceflary  to  fcatter  a  few  handfulls  of  common  fait 
(muriate  of  foda)  between  each  layer.  It  would  be  very  ill 
judged  to  regret  this  trifling  expence;  for  the  fait,  by  ab» 
forbing  the  humidity  of  the  hay,  not  only  prevents  the  fer¬ 
mentation  and  confequent  inflammation  of  it,  but  it  alio 
adds  a  taffe  to  this  forage  which  fnmulates  the  appetites  of 
cattle,  a  (Tiffs  their  digeftion,  and  preferves  them  from  many 
difeafes. 

During  the  great  heats  of  fummer,  it  frequently  happens  that 
heaps  of  dung  inflame  fpontaneoufly  :  great  care  fnould  be 
taken  to  fprinkle  them  frequently  with  water  in  the  fummer 
feafon,  and  to  keep  them  at  a  certain  diflance  from  habitations, 
as  well  to  prevent  fires  as  with  a  view  to  falubrity. 

.5.  The  Accumulation  of  Animal  and  Vegetable  Subfiances  covered 

with  an  Oil . 

If  animal  and  vegetable  fubftances  heaped  into  a  large  mafs.  Heat  from  greafy 
can  take  fire  from  the  heat  produced  by  their  decompofition,  ge*a^je  matterSi 
this  accident  is  (till  more  to  be  dreaded  when  they  are  covered"5 
with  oily  matters,  and  particularly  with  a  drying  oil. 

Be  {ides  the  accident  which  happened  at  the  manufactory 
of  Lagelbart,  and  of  which  our  colleague  HaufTman  gave  an 
account  to  the  Society,  and  the  fire  which  took  place  in  one 
of  the  fineft  manufaftories  at  St.  Marie-aux-Mines,  there  are 
many  other  examples  of  wool,  fluffs,  and  pieces  of  cloth,  which 
were  not  freed  from  greale,  taking  fire  in  the  warehoufes 
when  they  were  folded  together,  and  even  while  moving 
them  from  one  place  to  another  when  they  were  in  large  quan¬ 
tities  :  this  is  principally  to  be  dreaded  when  linfeed  oil,  or 

any 
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ny  other  oil,  drying  in  ilfelf,  or  re  ndered  fo  by  oxide  of  lead, 
is  employed  in  the  preparation  of  thefe  fluffs. 

In  the  manufacture  of  cloths,  only  olive  oil,  or  oil  of  colza, 
fhould  be  ufed  to  greafe  the  wool. 

It  fometimes  happens  on  boiling  flowers  and  herbs  in  oil, 
which  occurs  in  feveral  pharmaceutical  operations,  that,  after 
being  taken  out,  the  herbs  dried  in  the  oil  inflame  fponta- 
neoufly  :  care  fhould  therefore  be  taken  when  thefe  herbs 
are  thrown  away,  not  to  heap  them  near  other  combuftible 
bodies. 

There  have  been  feveral  examples  of  veffels  having  been 
burnt  in  fea-ports,  either  by  the  fpontaneous  combuftion  of 
heaps  of  cordage  coated  with  tar,  or  by  a  mixture  of  linfeed 
oil  boiled  with  lamp-black,  and  inclofed  in  a  bag. 

6.  The  boiling  of  oily  Matters. 

Fire  from  boiling  In  the  preparation  of  fome  varnifhes,  fuch  as  printers’  ink, 

oily  matters  $  jn  which  iinfeed-oil,  boiled  to  a  certain  confidence,  is  gene¬ 
rally  made  ufe  of,  it  frequently  happens  that  the  oil  takes  fire, 
unlefsthe  neceifary  precautions  are  employed  :  the  fame  effect 
takes  place  in  melting  butter,  lard,  or  any  other  greafe,  if  they 
are  heated  too  much  ;  fo  that,  in  thefe  operations,  it  is  always 
neceffary  to  remove  every  other  combuftible  fubftance,  to  have 
a  lid  at  hand  to  cover  the  veffel  as  foon  as  the  fire  has  caught, 
and  particularly  to  take  care  not  to  pour  wrater  upon  it,  which 
inftead  of  extinguifhing  it,  would  fpread  it  more  and  give  it 
greater  a&ivity. 

,  7.  Torrefuftion. 

and  from  roafted  There  are  many  vegetable  fubftances  which  increafe  their 
vegetable  fub-  power  of  inflaming  fpontaneoufly  by  torrefaclion,  if  they  are 
inclofed  in  faeks  of  cloth,  which  leave  them  in  contact  with 
the  furrounding  air;  fuch  are  faw-duft,  roafted  coffee,  the 
meal  of  grain,  and  leguminous  fruits,  fuch  as  French  beans, 
lentils,  peafe,  fyc. 

There  have  been  feveral  inftances  of  ftables  having  taken 
fire  from  a  bag  of  roafted  bran  which  had  been  applied  to  the 
neck  of  a  ftek  animal,  and  had  inflamed  fpontaneoufly.  The 
inhabitants  of  the  country  who,  in  fome  diforders  of  their 
beads,  are  obftinate  in  applying  this  remedy,  to  which  others 

of 
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of  more  efficacy  and  lefs  danger  might  be  fubfiituted,  fhouid 
at  leafl  be  careful  not  to  inclofe  the  bran  in  the  cloth,  either  too 
hot  or  too  much  roafled. 

Brewers,  after  having  made  their  barley  and  other  grain, 
which  they  employ  in  making  beer,  germinate,  dry  it  in  a 
kiln,  except  what  is  intended  for  pale  beer,  and  they  gene¬ 
rally  roatt  it  more  or  lefs  highly,  to  give  the  beer  a  deeper 
or  paler  colour.  If,  therefore,  when  the  grain  is  brought 
from  the  kiln,  it  is  put,  ttill  hot,  into  hacks,  it  frequently  hap¬ 
pens  that  it  heats  and  takes  fire,  and  this  has  ©ccafioned  feve- 
ral  fires  in  breweries. 

8.  Sulphurated  and  phofphorated  Hidrogen  Gas* 

The  caufe  of  fubterraneous  fires  and  volcanoes  is  generally  Inflammation  of 
attributed  to  the  decompofition  of  pyrites,  or  metallic  ful-  phofphomed  hf- 
phurets,  buried  in  the  interior  of  the  earth.  Thefe  pyritous  drogen  gas. 
mattes  are  decompofed  by  the  contact  and  concurrence  of  water 
and  air,  and  the  decompofition  is  always  accompanied  by  a 
great  expanfion  of  caloric,  and  a  difengagement  of  a  very  in¬ 
flammable  gas,  called  fulphurated  hidrogen  gas.  This  gas  in¬ 
flames  at  an  elevated  temperature,  and  can  communicate  the 
inflammation  to  the  fulphur  of  the  pyrites,  to  the  coal  and  other 
bituminous  matters  which  generally  accompany  it. 

Similar  inflammations  are  fometirnes  obferved  near  coal-pits. 

Jn  exploring  the  coal,  veins  and  infulated  mattes  of  pyrites  are 
frequently  met  with  :  fince  thefe  pyrites  always  communicate 
a  bad  quality  to  the  coal,  the  miners  generally  lay  them  afide, 
and  throw  them  out  of  the  pit :  if  thefe  heaps  of  pyrites, 
mixed  with  coal,  are  then  expofed  to  the  alternate  aflion  of 
the  fun  and  rain,  they  heat  and  inflame.  Great  care  mutt 
therefore  be  taken  that  thefe  accumulations  of  pyrites  fliould 
be  kept  at  a  diftance  from  all  combufiible  bodies  to  which  they 
would  neceflarily  communicate  the  inflammation. 

There  are  many  operations  of  nature  in  which  fulphurated 
hidrogen  gas  is  formed,  but  it  often  enters  into  other  combina¬ 
tions  as  it  forms,  it  diflolves  in  water,  or  difengages  at  a  tem¬ 
perature  too  low  for  it  to  inflame. 

By  boiling  phofphorus  in  a  folution  of  potatti  or  lime,  phof¬ 
phorated  hidrogen  gas  is  difengaged,  which,  being  much  more 
combufiible  than  fulphurated  hidrogen  gas,  inflames  at  a  low 
temperature  as  foon  as  it  comes  in  contact  vvith  atmofpheric  air. 

This 
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This  gas,  which  in  chemical  experiments  offers  the  beautiful 
IpecfacJe  of  a  fountain  of  fire  over  water,  is  produced  natu¬ 
rally  by  the  putrefaction  of  animal  fubdances  which  are  buried. 
The  lights  which  are  frequently  feen  to  come  out  of  the  earth, 
and  which  are  known  by  the  name  of  Jack  o’  Lanterns,  are 
only  owing  to  the  difengagement  of  this  phofphorated  hidrogen 
gas:  as  thefe  lights  generally  appear  moving  about  in  places 
where  they  do  not  touch  dry  combudibles,  they  feldom  occa- 
fion  difagreeable  accidents;  but  they  are  alfo  difengaged  in 
forefts,  and  it  may  happen  that  in  hot  fummers,  when  the  grafs 
and  brutli-wood  are  thoroughly  dry,  the  gas  in  combudion  may 
meet  with  thefe  combuftible  materials,  and  fet  fire  to  them, 
and  thus  produce  the  conflagration  of  a  whole  fored  :  we 
fhould  not  therefore,  too  lightly,  and  without  fufficient  proofs, 
attribute  to  the  malevolence  or  to  the  connivance  of  mankind, 
thofe  dreadful  events  w'hich  are  fometimes  only  the  refult  of 
caufes  purely  natural. 

9.  Sulphuret  and  Phofphuret  of  Lime  and  of  Potajk  formed  in 
the  Cornbujlion  of  fevcral  Vegetables. 

Sulphur  is  always  formed  when  gypfum  (fulphate  of  lime)  or 
any  other  fulphate,  whether  earthy  or  alkaline,  is  drongly 
heated  with  charcoal,  wood,  or,  generally,  with  any  com* 
buftible  which  is  reduced  to  charcoal  by  heat.  The  fame  falts 
form  fulphureous  waters  if  the  remains  of  animal  or  vegetable 
fubfiances  are  left  in  a  water  in  which  it  is  difiolved  ;  fo  that 
it  frequently  requires  only  a  little  fulphate  of  lime,  or  fome 
otlrer  lulphuric  fait,  to  communicate  the  odour  and  lade  of 
lulphur  to  water  which  is  ftagnant. 

Pyrophorus  is  obtained  by  calcining  the  alum  of  commerce, 
or  fulphate  of  potato  with  fugar,  meal,  or  any  other  fubdance 
which  is  reducible  to  charcoal. 

The  inflammation  of  pyrophorus  which  takes  fire  by  the 
foie  contact  of  humid  air,  is  only  owing  to  the  fulphuret  of 
potafh,  which  by  attra&ing  the  humidity  of  the  air,  heats  to 
that  point  that  it  kindles  the  carbonaceous  matter  which  fur* 
rounds  it,  and  which  being  in  a  date  of  greater  tenuity,  is  fo 
much  the  more  difpofed  to  burn. 

But  fince  many  of  our  common  combudibles  contain  fulphu- 
ric  falts,  it  may  happen  that,  in  their  combudion,  a  pyrophoric 
matter  is  fometimes  formed  by  chance,  which  remains  in  the 
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fetidue  of  the  combufiion,  efpecially  if  the  combufiible  is  not 
entirely  confumed,  and  a  part  is  not  reduced  into  charcoal, 
which  frequently  happens  in  the  fire-places  in  which  the  com- 
buftibles  are  not  burned  in  grates,  and  the  afhes  are  not  fepa* 
rated  from  the  charcoal.  There  have  been  infiances  of  houfes 
having  been  burnt  by  allies  intermingled  with  the  charcoal 
which  had  been  taken  too  early  from  the  fire-place  and  put 
into  places  where  they  were  furrounded  with  combuftibles, 
which  they  fet  on  fire  by  a  fpontaneous  inflammation.  Hap¬ 
pily  thefe  caufes  of  conflagration  rarely  occur  ;  for  pyrophorus 
does  not  retain  its  property  of  inflaming  for  any  length  of  time, 
and  it  is  frequently  decompofed  fliortly  after  its  production, 
without  occafioning  any  unpleafant  event :  neverthelefs,  care 
fhould  always  be  taken  not  to  put  allies  newly  burned,  and 
which  are  fiill  intermingled  with  charcoal,  in  places  where 
they  can  communicate  with  combuftibles. 

The  formation  of  a  pyrophoric  matter  is  principally  obferved 
in  the  preparation  of  the  foda  of  commerce,  which  is  obtained 
by  the  incineration  of  different  maritime  plants  containing 
much  fulphate  of  foda,  and  which,  in  the  combuftion,  fome- 
times  furnifh  a  certain  quantity  of  fulphur,  greater  or  lefs,  ac¬ 
cording  to  the  manner  in  which  the  operation  is  directed. 

The  formation  of  phofphuret  of  lime  has  great  analogy  with 
that  of  fulphuret  of  lime.  Although  the  phofphoric  acid  is  not 
found  fo  often  in  vegetables  as  the  fulphuric  acid,  it  neverthe¬ 
lefs  exifis  in  them  in  greater  quantity  than  has  hitherto  been  Phofphoric  acid 
believed  :  it  is  principally  found  in  mofi  plants  which  grow  in  Is  abu^ant  10 
marfliy  places,  in  turf,  and  in  feveral  fpecies  of  the  white 
woods.  In  reducing  thefe  woods  into  charcoal,  a  fmall  quan¬ 
tity  of  phofphorus  is  fometimes  formed,  which  may  remain 
combined  with  the  fame  bales  as  retained  the  phofphoric  acid 
before  the  combufiion  :  the  phofphorus,  by  forming  other 
combinations,  may  be  rendered  incapable  of  occafioning  any 
accident,  but  it  may  alfo  happen  from  a  concurrence  of  feve¬ 
ral  circumfiances,  that  charcoal  impregnated  with  any  phof¬ 
phuret  whatever,  may,  by  expofure  to  the  adtion  of  a  warm 
and  humid  air,  difengage  phofphorated  hidrogen  gas,  which, 
by  the  contact  of  the  atmofpheric  air,  w  ill  take  fire  and  com¬ 
municate  the  inflammation  to  the  mat's  of  the  charcoal. 

Two  examples  of  this  kind  of  fpontaneous  combufiion  have  Spontaneous  in- 
taken  place  in, the  powder  magazine  of  Effone,  in  the  years  8  f 

Vol.  VIII.— August,  1804-.  R  and  p  w  .er  maga- 
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and  10.  The  fir  ft  time  the  receiver  of*  the  machine  for  lifting 
the  charcoal  caught  fire,  and  the  fecond  time  it  began  in  the 
magazine  of  charcoal,  without  a  tulpicion  of  any  other  caufc 
except  that  of  a  fpontaneous  inflammation.  I  he  different  re¬ 
ports  made  on  thcfe  two  events,  I  tve  been  inferted  in  the 
public  journals ;  but  the  explanations  that  were  given  of  them 
were  not  fatisfaCtory.  It  veins  very  probable  that  they  \\erc 
occafioned  by  fome  pholphorus  contained  in  the  charcoal ;  and 
this  explanation  lias  the  more  weight,  becaule  willow  (bour- 
daine),  which  is  ufed  at  EfTone,  as  well  as  in  nru>fi  other  pow¬ 
der-manufactories,  and  which,  in  many  relpeCts,  delerves  the 
preference  over  other  woods  in  the  preparation  ot  powder, 
contains  phofphoric  acid,  at  leaf!  that  does  which  grows  in  our 
neighbourhood. 

Charcoal  from  turf  begins  to  be  employed  in  fome  domeftic 
and  other  operations ;  but  as  it  is  much  difpofed  to  fpontaneous 
inflammation,  its  ufe  fhould  be  prevented,  or  at  lea  ft  it  Omuld 
be  ftored  with  great  precaution.  It  has  happened  at  Paris  and 
other  places,  that  magazines  of  this  charcoal,  which  were  un- 
fheltered,  have  taken  fire  by  the  combined  aCtion  of  the  heat 
and  rain. 


10.  Pkojphorus  fometimes  contained  in  Charcoal. 


Detonation  from  It  may  alfo  happen  that  the  fmali  quantity  of  phofphorus 
the  phofphorusi  wj1jcj1  fometimes  formed  in  the  carbonization  of  different 
forts  of  wood,  without  uniting  either  with  the  lime  or  the  pot¬ 
ato,  remains  combined  with  the  charcoal,  which  then  does  not 
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difengage  phofpliorated  hidrogen  gas,  nor  does  it  readily  in¬ 
flame  by  the  foie  aCtion  of  water  or  of  a  humid  air,  but  which, 
by  percuffion  with  falt-petre  (nitrate  of  potato)  may  produce  a 
powerful  detonation.  It  is  very  probable  that  the  three  fuc- 
ceffive  explofions  which  took  place  in  the  pow'der-rnill  at  the 
manufactory  of  Vongcs,  were  partly  owing  to  a  fimilar  caufe. 

Charcoal  has,  in  general,  great  influence  on  the  different 
productions  of  nature  and  the  arts.  It  is  frequently  obferved 
in  forges  and  foundcries,  particularly  in  thofe  of  iron,  that  the 
products  vary  according  to  the  nature  of  the  charcoal  employed. 
The  bad  quality  which  is  fometimes  found  in  iron,  of  being 
brittle  when  cold,  is  generally  attributed  to  the  phofphoric  acid 
contained  in  the  ores ;  but  fmee  the  fame  ore,  by  the  fame  pro- 
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Ceffes,  furnifhes  better  iron  in  one  foundery  than  in  another, 
the  difference  Teems  frequently  to  arife  in  part  from  the  char¬ 
coal. 

Such  are  the  principal  caufes  of  fpontaneous  combuffions, 
vvhofe  effects  are  To  much  the  more  dangerous  by  being  leafl 
expected.  The  Society  of  Emulation  thought  (hey  fhould  ren¬ 
der  an  important  fervice  to  every  clafs  of’  proprietors,  and  par¬ 
ticularly  to  the  inhabitants  of  the  country,  by  developing  the 
phyfical  knowledge  which  might  guard  them  again  ft  dangers, 
of  which  they  are  too  frequently  the  victims,  from  ignorance 
and  a  fatal  want  of  forefight.  I  truft  I  have  Fulfilled  the  wiffit. 
of  the  Society,  and  of  the  firft  Magiftrate,  whofe  intelligence 
and  conftant  folicitude  extend,  without  exception,  to  every 
objedt  which  may  contribute  to  the  profperity  of  the  country 
and  the  happinefs  of'  the  governed. 


III. 

On  the  Solution  of  Water  in  the  Atmofphere\  and  on  the  Nature 
of  atmofpherical  Air.  Bn  Mr.  John  Gough.  From  the 
Author . 

To  Mr.  NICHOLSON. 

SIR, 

1  DO  not  recollect  any  philofopher  or  meteorologift,  wffio  ha<? 
attempted  to  demonfirate  the  chemical  union  of  atmofphericai 
air  and  water,  by  help  of’  the  Following  fadls  and  arguments-. 

Should  the  prefent  endeavour,  to  effabliffi  the  propolition,  ap¬ 
pear  deferving  of  a  place  in  your  Journal,  the  infertion  of  it 
will  oblige. 

Yours,  & c. 

JOHN  GOUGH. 

Middlejhaw,  July  16,  1804. 

Exp.  1 .  If  a  cylinder  of  dry  porous  wood  be  put  into  a  flrong  Dry  vegetables 
glafs  tube,  nearly  of  the  fame  diameter  with  itfelf,  and  water  2ttra<^  water9 
be  poured  into  the  veiled,  the  particles  of  the  fluid  will  pene¬ 
trate  the  wood,  and  caufe  it  to  fwell.  To  as  to  burfl  the  glafs. 

Some  writers  affirm,  that  the  fame  artifice  has  been  ufed  with 
fuccefs  to  fplit  rocks,  an  operation  which  is  commonly  per¬ 
formed  by  the  elaftic  power  of  gun-powder.  A  quantity  of 
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motion  is  generated  in  this  experiment,  which  cannot  be  re* 
ferred  to  the  action  of  gravity.  We  muft  thereiore  alcribe  it 
to  another  force,  namely,  the  mutual  attraction  of  wood  and 
water  in  a  liquid  form. 

Aqueous  va-  Exp.  2.  If  a  piece  of  whip-cord  or  tharm  be  flretched  by 
pour  attraded  by  heavieft  weight,  it  can  fupport,  the  pendent  body  will  a(- 
dry^ vegetable,  cen(^  3S  as  firing  or  gut  contracts,  in  confequence  of  an 

acceffion  of  water  derived  from  the  atmolphere  ;  on  tlte  con¬ 
trary,  it  will  defeend,  when  the  cord  begins  to  relax  from  the 
lofs  of  moifture.  The  motion  generated  in  this  inftance,  proves 
atmofpherical  vapour  to  be  powerfully  attracted  by  the  dry 
fibres  of  vegetables  and  animals;  confequently  thefe  fubftances 
have  a  ftrong  affinity  to  water,  not  only  in  a  liquid  form,  but 
alfo  when  it  is  diffufed  through  the  air.  This  affinity  or  force 
will  be  called  the  hygrometrical  attraction  in  the  fequel  of  the 
eflay,  for  the  fake  of  perfpicuity. 

The  force  of  The  preceding  experiments  have  not  the  leaf!  claim  to  no¬ 
affinity  perma-  velty  ;  but  they  are  the  preliminaries  of  an  inference,  which  is 
nent'  of  moment  in  the  prefent  queftion.  For  affinity  is  a  fixed  re¬ 

lation  of  bodies,  creating  a  difpofition  to  coalefce,  in  fueh  as 
are  thus  mutually  related,  as  often  as  water  is  combined  with 
another  fubfiance.  The  union  muft  therefore  be  permanent, 
unlefs  it  happens  to  be  diffiolved  by  an  external  caufe.  Now 
as  any  certain  force  only  gives  way  to  another  fuperior  and 
contrary  to  itfelf,  it  is  evident  that  a  moift  body,  which  dif- 
charges  a  portion  of  the  water  it  contains,  is  obliged  to  part 
with  it  by  a  more  powerful  attra&ion,  exifting  in  its  neigh¬ 
bourhood.  It  is  to  be  remarked,  that  temperature  is  one  of 
the  external  cauffis  alluded  to  above;  but  it  is  difregarded  at 
prefent,  becaufe  the  effects  of  its  changes  may  be  obviated  in 
the  following  experiment,  which  is  intended  to  throw  addi¬ 
tional  light  upon  the  hygrometrical  attraction. 

Exp.  3.  Take  two  bibulous  fubftances,  fuch  as  two  flices  of 
fponge,  or  a  piece  of  fponge  and  Aired  of  woollen  cloth, 
diminfhed  by  ^  tjie  one  wet  and  keep  the  other  dry;  then  put  them  both 

wate*?6  l°  into  aclofe  veffel  of  glafs  or  metal,  placing  them  either  in  con- 
tad  or  apart :  the  wet  body  will  grow  lighter  in  a  ffiort  time, 
and  the  dry  one  will  gain  more  weight ;  this  procefs  may  be  pro¬ 
longed,  until  the  tw'o  fubftances  find  the  equilibrium  of  their 
attractive  powers;  which  will  be  accomplithed,  when  their 
r  el  pc  Clive  weights  become  ftutionary.  This  equilibrium  proves 

the 
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the  hygrometrical  attraction  to  diminifli  with  the  abforption  of 
water,  and  to  increafe  with  thre  Iofs  of  the  fame;  confequently 
an  union  produced  by  this  force,  may  be  diflolved  by  the  pre¬ 
fence  of  a  body,  which  contains  lefs  water,  and  therefore  at¬ 
tracts  it  more  powerfully. 

Atmofpherical  air  may  be  concluded  to  potTefs  the  power  Atmofpherical^ 
defcribed  above,  from  the  changes  and  effeCts,  which  are  ob-  ^tra^anT 
fervable  in  the  following  inftances:  Firft,  Atmofpherical  air 
takes  the  water  of  cr)  ftallization  from  various  falts ;  it  there¬ 
fore  overcomes  the  affinity,  which  unites  the  component  parts 
of  thefe  cryftals.  Secondly,  The  fame  hygrometer  denotes  a 
greater  degree  of  humidity  at  one  time,  than  at  another, 
though  the  height  of  the  thermometer  be  the  fame;  conle* 
quently  the  hygrometrical  attraction  of  the  atmofphere  is  vari¬ 
able  under  equal  degrees  of  temperature;  becaute  this  force 
is  evidently  conffant  in  an  inffrument  kept  in  an  uniform  heat. 

Third,  If  two  vefTels  be  expofed,  at  the  fame  time  to  the  air, 
one  of  which  contains  dry  potafli,  and  the  other  a  dilute  folu- 
tion  of  the  fame;  the  former  will  acquire  weight,  while  the 
other  grows  lighter.  The  laft  faCt  fliows,  that  atmofpherical 
air  may  be  faturated  with  moiffure,  in  refpeCf  of  one  body, 
and  be  at  the  fame  time  in  a  very  different  fituation  relative  to 
another;  fo  that  evaporation  evidently  arifes  from  an  excefs  of 
hygrometrical  attraction  in  the  atmofphere ;  on  the  contrary, 
the  production  of  dew  depends  upon  a  fimilar  excefs  in  the 
bodies  on  which  it  is  formed. 

I  may  be  afked,  after  making  this  open  declaration  of  my  Atmofpherical 
fentiments,  which  of  the  conftituent  gafes  of  the  atmofphere  air  a  rimPie  sa6? 
combine  with  water?  The  proper  reply  to  the  queftion  appears 
to  be  this:  It  is  atmofpherical  air;  whidi  I  conlider  to  be  a 
homogeneous  gas,  for  the  following  reafons:— Firft,  The  at- becaufe  it  is 
mofphere  is  diaphanous;  which  could  hardly  be  the  cafe,  were  diaPhanous* 
it  a  mafs  of  uncombined  fluids  of  different  fpecific  gravities; 
for,  had  fuch  an  arrangement  been  formed,  the  rays  of  the 
fun  would  have  fuffered  a  multiplicity  of  refraCtions,  in  their 
approach  to  the  earth;  and  total  darknefs,  or  at  belt  a  dim 
twilight,  would  have  been  the  eonfequence,  had  our  planet 
been  throuded  by  a  covering  of  heterogeneous  gafes.  Thus 
the  atmofphere  appears  to  be  homogeneous,  from  the  confl- 
deration  of  its  tranfparency.— Secondly,  A  given  meafure  of  becaufe  fmart 
oxigen  is  heavier  than  an  equal  bulk  of  azote,  under-timila'r 

circumflanccs  j 
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Atmofpherical  circumflances  ;  confecjuenlly  the  denfily  of  the  former  exceeds 

aii  a  Ample  gas.  of  the  latter,  fuppofmg  their  eladic  forces  to  be  equal. 

On  this  account  founds  will  move,  in  all  cafes,  with  lefs  ce- 
lerity  in  oxigen  than  they  do  in  azote.  If  then  our  atmofphere 
confided  of  two  independent  mafles  of  thefe  fluids,  mutually 
pervading  each  other,  every  momentary  report  would  have 
been  double  to  fenfe,  at  a  fufficient  didance  from  the  feat  of 
found;  becaufe  fuch  a  report  would  arrive  at  the  ear  more  ex- 
peditioufly  through  the  medium  of  the  azote,  than  it  would 
through  that  of  the  oxigen.  But  founds  of  the  fhorteft  duration 
are  not  repeated  at  the  greated  didances;  confequently  the 
air  is  homogeneous,  becaufe  it  is  the  vehicle  of  found. 

If  the  preceding  arguments  be  juft,  the  homogeneity  of  at- 
Tnofpherical  air  cannot  be  controverted  ;  becaufe  the  conclu- 
fions  which  refult  from  the  contrary  hypothefis  are  repugnant 
to  common  experience.  We  come  in  the  next  place  to  the 
fpeciflc  nature  of  this  gas ;  but  this  is  a  difficult  enquiry  in  the 
prefent  unfettled  date  of  chemidry,  when  the  phenomena  of 
galvanifm  are  daily  bringing  new  truths  to  light,  and  threaten 
to  (ubvert  the  prevailing  theory.  Conjectures,  however,  will 
naturally  fpring  up  in  the  midd  of  uncertainty  ;  and  as  a  di- 
verfity  of  fenliment  has  its  ufe  in  times  of  fcientific  anarchy, 

I  will  venture  to  propofe  the  following  hypothetical  quedions 
relative  to  the  conditution  of  common  air.  Is  not  this  fluid  a 
chemical  compound,  having  the  gas  called  azote  for  its  bads; 
to  which  the  podtive  energy  of  the  galvanic  pile  is  united,  to¬ 
gether  with  water,  but  in  a  manner  which  didinguifties  this 
compound  from  the  gafeous  oxide  of  azote  ?  May  not  a  gas, 
thus  condiluted,  oxidate  other  fubdances  through  the  interpo- 
fition  of  the  w'ater,  which  it  holds  in  folulion  by  the  hygro- 
metrical  attraction  ?  Though  the  aqueous  part  of  the  atmof¬ 
phere  cannot  of  itfelf  decompound  common  air;  may  not  it 
perform  the  office  of  an  intermediate  agent,  when  atTided  by 
the  body  to  be  oxidated,  anti  in  this  manner  deprive  the  azote 
of  the  galvanic  energy,  more  or  lefs  perfectly,  according  to 
circumdances  ?  Will  not  the  aqueous  vapour  unite  with  the 
matter  feparated  from  the  air,  and  produce  oxigen  gas,  which 
will  enter  into  competition  with  the  third  fubdance,  and  com¬ 
plete  the  bufinefs  of  oxidation  ?  The  hints  fuggeded  in  the 
preceding  queries,  would  have  been  by  no  means  admiffible 
in  a  time  of  more  perfect  uniformity  in  the  fentiments  of  phi- 

lofopheis; 
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lofophers ;  and  nothing  can  be  pleaded  in  its  excufe  but  the 
revolution  of  opinion,  which  is  apparently  ready  to  take  place 
in  the  theory  of  gafeous  fluids. 


IV. 

Reply  to  the  Obfervations  of  M.  V Abbe  Hauy ,  on  arfeniated  Cop¬ 
per.  By  M.  le  Comte  de  Bournon,  Member  of  the 
Royal  and  Limn  an  Societies  of  London .* 

It  is  but  a  few'  days.  Sir,  fince  I  had  the  honour  to  receive  Introductory 
from  you  the  obferva’ions  which  you  have  made  on  the  differ¬ 
ent  fpecies  of  arfeniated  copper,  deferibed  by  me,  in  a  memoir 
on  that  fubjeff,  read  to  the  Royal  Society  of  London,  on  the 
19th  of  Februar-  ,  1  SOI .  I  have  read  thefe  obfervations  with 

J 

the  greatefl  intereft,  but  not  being  able  to  adopt  the  opinion 
refpecling  them,  to  which  the  invefligations  you  have  fubmit- 
ted  them  have  led  you,  I  feel  great  obligation  for  the  oppor¬ 
tunity  you  have  afforded  me  of  explaining  myfelf  more  parti¬ 
cularly  than  I  have  hitherto  done,  on  what  relates  to  this  in¬ 
tending  fubjedl.  Betides,  you  offer  thefe  obfervations  with 
that  diffidence  which  ufually  characterizes  real  merit,  accom¬ 
panied  with  a  doubt  which  calls  for  a  new  examination. 

You  oppofe  my  opinion,  Sir,  on  the  divifion  which  I  have 
made  of  the  arfeniated  copper  into  four  fpecies,  with  a  deli¬ 
cacy  and  a  politenefs,  which  renders  the  flight  mineralogjcal 
difeuffion  that  becomes  the  neceffary  refult  of  it,  of  infinite 
value  to  me.  It  is  very  definable  that  thofe  faCts  on  which 
differences  of  opinion  may  prevail  fhould  always  be  difeuffed 
in  this  manner:  the  fciences  would  certainly  gain  by  it,  and 
thofe  who  cultivate  them  would  lofe  nothing  by  yielding  a  lit- 
tie  to  each  other. 

Like  you,  Sir,  when  I  employed  myfelf  on  the  fubfiance  Notice  of  the 
which,  fince  the  firft  effays  of  the  celebrated  Klaproth  on  it,  ^£r™er  en*u^ 
has  been  called  a  combination  of  the  arfenical  acid  and  cop¬ 
per,  I  thought  it  right  to  confider,  under  the  fame  point  of 
view,  the  different  cryftalline  forms  which  it  offered,  deriving 
them  all  from  one  common  bale,  and  my  firft  enquiries  were 

*  Tranflated  from  the  original,  communicated  by  the  author, 
for  the  paper  of  the  Abbe,  fee  p.  187  of  our  prefent  vol. 

directed 
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directed  to  determining  this  bate,  or  the  primitive  generating 
crydal  of  all  thofe  of  this  fubltance.  I  was  not  long  in  dif- 
covering  that  among  the  crydals  which  I  had  fubjected  to  this 
examination,  there  exifted  two  forms  which  could  not,  in  any 
way,  be  connected  with  the  others:  analyfis  has  fince  fhown, 
that  one  of  thefe  belonged  to  an  arfeniated  iron,  which  had 
been  improperly  cited  as  belonging  to  copper,  and  the  other 
to  a  combination  of  copper  and  iron  with  the  arfenical  acid, 
which  had  not  been  known  before.  With  refpeft  to  the  other 
cryftals,  as  the  appearance  offered  by  each  of  them  contradicted 
the  opinion  which  connected  them,  it  became  necclfary  to  de¬ 
pend  in  the  beft  poffible  manner  on  all  the  other  exterior  cha¬ 
racters  which  this  fubftance  could  offer  to  the  mineralogid,  to 
attain  to  fome  refult  refpeCting  it.  This  is  precifely  what  I 
have  done,  and  when  the  aggregate  of  thefe  characters  forced 
me  to  recognize  four  very  diftinCt  fpecies  in  the  mafs  of  fub¬ 
dances,  which  I  fufpeCted  might  belong  to  the  combination  of 
the  arfenical  acid  and  copper,  I  confefs  I  experienced  fome 
fatisfaCtion  in  obferving  that  the  analyfis  of  achemid,  fojuftly 
efleemed  as  Mr.  Chenevix  is,  fanCtioned,  in  fome  meafure, 
the  divifion  to  which  obfervation  had  led  me.  You  remark. 
Sir,  that  thefe  analyfis,  on  being  repeated  by  M.  Vauquelin, 
varied  in  their  refult :  it  follows  neceffarily,  that  this  fupport 
fails,  or  at  lead  becomes  uncertain  for  me  :  I  abandon  it  there¬ 
fore,  and  leave  to  chemiftry  the  difeuffion  of  a  faft  which  be¬ 
longs  to  it,  and  was  to  me  only  a  powerful  auxiliary,  to  con¬ 

fine  myfelf  within  the  drift  limits  of  mineralogy  properly  fo 
called. 

But  allow  me,  Sir,  fird  to  make  fome  previous  obfervations 

fervatioi  s  on  the  on  the  method  which,  it  appears  tome,  fliould  be  followed  to 

mode  of  con  determine  the  union  or  feparation  of  fubdances,  and  after- 

ducting  minera-  _  ..  . 

logical  enquiries.  Wards,  on  the  poffibility  of  finding  feveral  fpecies  placed  under 
the  combination  of  the  fame  acid  with  the  fame  bale,  but  with- 

A 

out  doubt,  having  efferitial  differences  in  the  manner  of  com¬ 
bination. 

The  methods  to  be  employed  by  the  mineralogid  in  the  dudyr 
of  mineral  fubdances,  are  comprized  in  the  examination  of  the 
peculiar  maiks  which  nature  has  impreffed  on  each  of  the  in¬ 
dividuals  which  decorate  and  enrich  its  Bofom,  and  yvhich  his 
great  habit  of  obferving  has  taught  him  to  recognize.  Of  thefe 
parks,  which  we  defignate  by  the  expredion  of  exterior  fpe-v 
,  •  '  cific 
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eific  charaders,  fome  are  too  delicate  to  be  defcribed  ;  but  cuf- 
tom  enables  the  naturafift  to  feize  them  ;  their  action  on  his 
fight  is  fudden  ;  the  moft  rapid  glance  embraces  the  whole  of 
them,  and  the  naturalift  ha*  frequently  formed  his  opinion  long 
before  he  has  thought  of  accounting  to  himfelf  for  it.  He  is 
not,  however,  fecured  by  them  from  the  errors  which  other 
bulkier  and  more  comparable  charaders  may  afterwards  rec¬ 
tify;  but  the  firft  impreftion  received  from  thefe  fl r fl  traces, 
very  often  ferves  him  as  a  guide  in  the  method  of  employing 
the  fecond.  Among  thefe  latter  charaders,  fome  are  of  eafy 
application  and  almoft  always  poffible,  others  require  attention 
and  particular  circumftances  to  be  capable  of  being  employed. 

Thofe  which  are  in  moft  common  ufe,  and  eafieft,  are  the  form, 
the  fradure,  the  hardnefs,  the  fpecific  gravity,  and  the  colour. 

Perhaps  in  a  fkilful  hand,  direded  by  the  habit  acquired  from 
their  ufe,  thefe  charaders  are  almoft  always  fufficient  for  the 
knowledge  and  claftification  of  mineral  fubftances.  In  ftones, 
the  colour  is  the  moft  variable  of  all  :  neverthelefs,  it  is  certain, 
though  the  true  caufe  cannot  yet  be  affigned,  that  each  of  thofe 
which  have  been  examined  hitherto,  affeds  one  only  of  the 
knowui  colours  more  readily  than  it  does  any  of  the  others. 

But  in  the  metals  this  cbarader  becomes  more  conftant  and 
more  eftential,  and  it  very  feldom  varies  without  the  caufe  of 
its  variation  being  a  change  in  the  nature  of  the  metallic  fub- 
ftance  itfelf. 

This  fad  granted,  when  the  naturalift  employs  the  exterior  The  confidera- 

fpecihc  charaders,  to  afcertain  the  fubied  w'hich  determines  t!on  *°me 
i  •  r  J  -  the  charaders 

his  enquiry,  from  the  moment  at  which  the  agreement  of  thefe  may  be  omitted 

charaders,  or  their  differences  with  thofe  fhown  by  known  when  thty  do 
fubftances,  puts  him  in  a  fttuation  to  pronounce  on  the  identity  nera[  inferences, 
or  the  difference  of  their  nature,  do  not  you  believe  that  he  has 
then  the  liberty  of  retrenching,  on  the  one  hand,  thofe  w'hich 
do  not  agree  with  the  opinion  which  he  had  previoufty  thought 
it  right  to  embrace;  and,  in  the  fecond  place,  to  fubjed  the 
others  to  fuppofitions  which  may  occafion  a  change  in  their 
afped  to  conned  them  with  that  which  he  wifhes,  when  na¬ 
ture  itfelf  has  not  offered  traces,  free  from  doubt,  of  the  pro¬ 
bability  of  the  modification  which  he  admits  in  thefe  charac¬ 
ters  ? 

Permit  me  to  obferve  to  you,  Sir,  that  this  is  predfely  what  This  has  been 
appears  to  me  to  be  the  fubftance  of  your  obfervalions  on  the  done  by  M. 


i  * 
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arfenialed  copper.  You  feem  (o  confider  as  nothing  the  very 
fenfible  differences  which  exid  in  the  divers  fpecies  which  I 
have  edablithed,  with  refpeCt  to  hardnefs,  Ipecific  gravity,  and 
colour ;  and,  flopping  at  the  fingle  character  of  form,  you  make 
fuppofitions  for  each  of  them,  which,  in  fact,  terminate  by 
connecting  all  thofe  which  they  offer  with  one  primitive  cry- 
dal :  but  nature  does  not  exhibit  any  of  the  decrements  which 
you  fuppofe.  I  have  never  difcovered  the  flighted  trace  of 
them  in  any  of  the  immenfe  quantity  of  cryflals  of  arleniated 
copper  which  have  paffed  through  my  hands.  Do  you  believe 
that  thefe  fuppofitions  are  only  fufceptible  of  being  admitted 
in  a  cafe  in  which,  all  the  other  characters  being  agreed  in  the 
mod  perfect  date  of  thefe  fubdances,  which  is  that  of  regular 
crydallization  and  tranfparency,  they  would  become  neceflary 
only  to  add  an  accumulation  of  proofs  to  thofe  already  ac¬ 
quired  of  their  identity. 

Never  was  more  attention  paid  than  at  this  moment  to  the 
great  truth,  that  the  progrefs  of  the  fciences  which  lead  to  the 
dudy  of  nature,  depends  principally  on  the  exaCt  didinClion  of 
each  of  the  fpecies  whofe  union  forms  the  aggregate  to  which 
the  fcience  is  applied.  No  one  is  more  convinced  of  this  im¬ 
portant  truth  than  I  am.  But  this  exaCt  knowledge  of  the 
fpecies,  which  perhaps  your  calculation  or  the  analyds  of  im¬ 
proved  chemidry  may  one  day  attain  in  a  fimple  and  accurate 
manner,  reds  at  prefent  on  the  agreement  of  the  exterior  tpe- 
cific  characters.  Whenever  this  agreement  exids,  we  are 
compelled  to  conclude  that  there  is  a  fimilitude  in  the  fpecies, 
and,  on  the  contrary,  a  difli m ilarity  when  they  differ  effen- 
tially  from  each  other.  I,  however,  agree  perfectly  with  you, 
that  before  feparating  one  of  thefe  fubdances  from  the  oilier 
to  make  a  fpecies  of  each,  it  is  requifite  to  be  previoufiy  con¬ 
vinced  that  the  differences  which  they  offer,  and  on  which  their 
dividon  reds,  are  not  purely  accidental.  It  appears  to  me, 
therefore,  that  nothing  can  be  more  undeserving  of  the  re¬ 
proach  of  having  negleCted  thefe  precautions,  than,  on  the 
contrary,  the  edablilhment  of  the  dividon  on  the  invariable 
condancy  in  the  difference  of  their  exterior  characters. 

The  only  reafon,  which,  in  the  fubdances  in  quedion,  can 
raife  any  doubt  on  their  difference,  is  the  refult  obtained  from 
them  by  chemical  analyds,  which  condantly  found  the  arfeni- 
cal  acid  combined  with  the  copper  in  each  of  them  :  but  if  the 

analyds 
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unalyus  had  not  been  poffible,  certainly  no  naturalifl  would 
have  hefitated  to  feparate  them  from  each  other,  according  to 
the  exterior  charadters  Ihovyn  by  each  of  them. 

^  therefore,  becaufe  theje  fubftapces  all  belong  to  the 
combination  of  the  fame  acid  with  the  fame  metal,  fhould 
there  not  be  found  feveral  fpecies  among  them?  This,  I  be¬ 
lieve,  is  a  fadt  which  occurs  much  more  frequently  than  has 
been  hitherto  (uppofed.  Do  not  all  the  metals  (how  various 
in  fiances  of  linking  differences  in  the  oxides,  in  confequence 
of  that  which  exifis  in  the  combination  of  oxigen  with  them  ? 

1  he  octahedral  attractive  oxided  iron,  that  which  is  rhomboidal.  Variations  in 

that  not  attractive,  are  not  all  thefe  fo  many  tpecies  ?  In  a  me-  ||ie  ^Pecies 

m()ir  which  was  inferted  in  the  75th  number  of  the  Journal  dcs  mical  combina- 

A lines,  I  have  endeavoured  to  fhow  that  the  octahedral  ( u  1—  tl0n* 

phurated  iron,  axid  that  in  cubes,  formed  two  very  difiindt 

fpecies,  and  I  do  not  believe  that  thefe  are  the  only  ones  which 

exift  in  it.  How  many  fpecies  are  offered  by  fulphurated  cop- 

Per  •  ^  am  no  v (elf  acquainted  with  fix,  all  perfedily  difiindt  and 

characterized,  which  I  have  long  intended  to  give  the  deferip- 

tion  of,  but  my  occupations  and  want  of  time  have  not  yet 

permitted  me.  finally,  have  not  you  yourfelf  been  compelled 

to  form  a  particular  fpecies  of  carbonated  lime,  of  the  arra- 

gomte,  from  the  difference  alone,  which  exilis  in  its  exterior 

fpecific  characters,  although  chemiftry  can  only  find  carbonic 

acid  and  lime  in  it  ? 

f  *  C 

One  reafon  which  may  be  alledged  againft  the  divifion  of 
arfeniated  copper  into  fpecies,  is  that  the  combination  of  cop¬ 
per  with  the  arfcnical  acid  being  already  a  fpecies  in  the  genus 
of  ores  of  copper,  it  would  be  making  fpecies  of  a  fpecies: 
and  this  objection,  which  at  the  firfi  blufh  appears  well  founded, 
would  bear  equally  againft  the  various  oxides,  fulphurets,  &c. 

But  this  difficulty  feems  to  me  to  be  more  fpecious  than  folid: 
it  takes  its  rife  from  the  impoffibility  in  which  we  ft  ill  are  of 
ascertaining  every  thing  connected  with  the  different  caufes 
which  may  produce  a  variation  of  the  fpecies.  Without  doubt, 
m  thi>  inftance,  ior  example,  it  is  not  the  fimple  combination 
of  the  arfenical  acid  with  the  copper  which  forms  the  fpecies, 
but  the  particular  combination  of  this  acid  with  the  metal. 

nus  it  is  not  the  fimple  combination  of  oxigen,  hidrogen, 
carbon,  azote,  &. c.  which  conftitutes  the  particular  fpecies  of 
animal,  but  the  manner  of  the  combination  itfelf. 
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Mineralogy  is 
not  yet  fuffi- 
ciently  perrett 
to  admit  of  the 
fepa  ation  of  the 
fpecies  by  the 
form  of  the 
primitive  mole- 
culse  alone. 


The  mineralogical  fpecies  are  very  accurately  determined 
by  the  agreement  or  difference  which  exiffs  in  the  firff  mole- 
eulsc  of  the  formation  ot  the  different  fubfiances,  but  until  we 
have  fixed  data  to  appreciate,  in  a  determinate  and  invariable 
manner,  all  which  relates  to  thefe  moleculce,  the  conffancy  or 
the  difference  in  thefe  exterior  Ipecific  characters  will  always 
be  the  only  means  within  our  power  of  uniting  or  feparating 
the  fpecies.  I  acknowledge,  however,  that  in  this  cale,  it  is 
necelTary  that  this  divifion  (hould  be  effablithed  ns  much  as  pof- 
fible  on  ftriking  and  effential  characters;  and  I  agree,  at  the 
fame  time,  that  latterly,  this  method  has  perhaps  been  much 
abufed  by  giving  importance  to  fimple  and  calual  characters; 
this  has  frequently  placed  (ubftances  in  the  number  of  fpecies, 
which  (hould  only  have  been  confidered  as  fimple  varieties  of 
thofe  already  known. 

I  fiiall  now  beg  of  you,  Sir,  to  compare  with  me  the  differ¬ 
ent  fpecies  of  arfeniated  copper  which  I  have  deferibed. 


Comparison  of  the  FirJl  and  Second  Species. 


Companion  ot 
the  firft  and 
fecond  fpecies  of 
arfeniated  cop¬ 
per. 


The  form  of  the  firff  fpecies  is  an  obtufe  reaangular  octa¬ 
hedron,  whole  laces  are  unequally  inclined.  T  wo  ot  them 
meet  at  the  furamit  under  an  angle  of  139°  and  at  the  bafo 
under  one  of  5P°.  The  two  others  meet  at  the  furomit  in  an 
anode  of  I  15°,  and  at  the  bafe  in  one  of  63°.  This  oCtahe- 
dron  is  ufually  cuneiform:  I  have  never  perceived  any  modifi¬ 
cation  of  it. 

The  form  of  the  fecond  fpecies  is  a  hexahedral  plate,  always 
very  thin,  whole  vertical  planes  are  inclined  alternately  in  op- 
poffte  directions,  fo  that  two  of  them,  on  the  fame  fide,  make 
an  angle  of  133°  with  the  terminal  faces  to  which  they  incline, 
and  the  third,  one  of  113°. 

The  molt  ufual  colour  of  the  firff  fpecies  is  a  deep  and  very 
brilliant  tky-b!ue,  which  fometimes  changes  to  green. 

That  of  the  fecond  fpecies  is  a  fine  emerald  green  :  I  have 


never  feen  any  other. 

The  fpecific  gravity  of  the  firff  fpecies  is  2831 :  that  of  the 


fecond  2548. 

The  hardnefs  of  the  firff  is  fuch  that  it  readily  cuts  carbon¬ 
ated  lime :  the  fecond  is  no  harder  than  is  fufiicient  to  cut 
gyp  fum. 
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In  your  obfervations,  Sir,  you  have  raifed  to  50°  T  and 
65°  8/  the  meafures  which  I  had  eftablifhed  at  50°  and  65°; 
meafures  which  you  have  fixed  from  the  relations  eftablifhed 
by  you  between  the  height  of  one  of  the  pyramids  and  ihe  per¬ 
pendiculars  drawn  from  its  bottom  on  the  edges  of  its  bale, 
which  correfponds  with  the  adjacent  and  unequally  inclined, 
pyramidal  faces.  Thefe  meafures  are  fo  near  to  mine,  that  I 
have  proved  them  again*  and  the  inftriiment  is  fo  little  capable 
of  marking  this  difference,  that  I  do  not  make  any  difficulty  in 
adopting  them. 

To  connect  the  form  of  the  fecond  fpecies  with  the  obtufe 
o&ahedron  of  the  firft,  you  afterwards  fuppofe  two  feCtions 
made  parallel  to  one  of  the  moft  inclined  faces  of  the  octahe¬ 
dron,  fo  as  to  detach  a  very  thin  fegment,  in  which  the  centre 
of  this oCtahedron  is  to  be  contained;  that  is  to  fay,  this  octa¬ 
hedron  is  to  be  confiderably  increafed  on  all  its  faces,  with  the 
exception  of  one  alone,  taken  on  each  pyramid,  and  in  an 
oppoiite  direction  in  each  of  them.  \ou  fuppofe  at  the  fame 
time  a  decrement  of  a  Tingle  row  along  the  edges  of  the  bale, 
but  which  aCts  only  on  two  of  the  faces  of  the  octahedron, 
and  that  the  fegment  which  refults  on  two  of  the  three  tides 
inclined  to  each  of  the  terminal  faces,  makes  with  them  an  an¬ 
gle  of  130|,°  and  the  third  115°,  meafures  which  only  differ 
5°  30'  in  the  angle  of  1309  30'  from  thofe  which  1  have  given 
for  the  cry  ftal. 

The  following  is  the  anfwer  dictated  by  the  new  exaftiina- 
tion  which  I  have  made  of  this  fubltance. 

Agreeably  to  what  I  have  faid  in  my  memoir  on  the  arfeni-  Objeftions  to 
ated  coppers,  the  obtufe  oCtahedron  frequently  ffiow's  flight  ^^paratloa 
flreaks  in  its  faces  parallel  to  its  edges,  which  indicates  a  la- 
mellated  texture  in  the  direction  of  thefe  faces.  1  he  fradture 
alfo  indicates  the  fame  texture,  but  its  figures  are  always 
more  or  lefs  irregular.  I  have  never  been  able  to  obtain  a 
clear  one.  In  the  fecond  fpecies,  on  the  contrary,  the  lami¬ 
nae  are  as  eafily  raifed  from  the  hexahedral  terminal  faces,  as 
could  have  been  done  on  a  prifm  of  mica.  Thefe  terminal 
faces  are  fometimes  (freaked  parallel  to  the  edges  of  the  tides 
which  are  inclined  to  them,  and  thefe  (freaks,  which  are  conti¬ 
nued  tfrongly  on  the  Tides,  never  appear  upon  them  except  in 
this  dire&ion.  This  texture,  very  analogous  to  that  of  mica. 

Teems  to  me  to  be  totally  different  from  that  of  the  obtufe  oc¬ 
tahedron  of  the  firft  fpecies. 


I  have 
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the  lecond 
fpeeies 


I  have  fubmitted  fume  new  cryftals  of  (his  fpeeies  to  mejl- 
finement,  and  have  found  them  agree  perfectly  in  themeafurea 
of  115°  and  135°  with  thofe  which  I  had  examined  before. 
T  he  angle  fuppofed  by  you  of  1  30°  30',  which  I  have  tried  on 
a  number  of  cryftals  always  appeared  to  me  to  be  much  too 
A  new  variety  of  fmall.  Thefe  cryftals  have  offered  me  a  new  variety,  in  which 
the  ftdes  of  the  hexahedral  laminae  are  lefs  inclined  on  the  ter¬ 
minal  faces,  with  which  they  form  an  angle  of  about  103°. 
The  cryftal  which  afforded  me  this  new  variety  is  four  lines  in 
diameter:  it  is  only  in  perfect  prefervation  in  one  of  its  halves, 
but  it  admits  of  a  judgment  from  it,  that  all  its  fides  muft  have 
the  fame  inclination.  Thefe  new  faces  are  perfectly  fmooth, 
and  do  not  fhow  any  ftriae.  On  another  cryftal,  inftead  of 
thefe  inclined  fides,  two  planes  are  obferved,  one  of  which 
belongs  to  that  which  made  an  angle  of  105°  with  the  termi¬ 
nal  face  to  which  it  inclines,  and  the  other  belongs  either  to 
that  of  113°  or  that  of  135°. 

There  was  not  any  thing  that  I  could  difeover  conne&ed 
with  any  of  the  planes  of  the  obtufe  oCtahedron  of  the  firft 
fpeeies,. 


Comparifbn  of  the  Third  Species  with  the  Firft. 

Companion  of  The  colour  of  the  firft  is  either  a  deep  fky-blue  or  a  grafs- 

with  the* fidL *eS £»reen •  ^  hat  m°ft  ufual  in  the  third  is  a  yellowifli  green,  more 

or  lefs  deep,  but  very  frequently  it  can  only  be  perceived  by 
placing  the  cryftal  between  the  eye  and  the  light,  the  intenfity 
of  the  colour  making  the  cryftals  appear  black  in  every  other 
pofition. 

The  fpecific  gravity  of  the  firft  is  2881  ;  that  of  the  third 

4280. 

The  hardnefs  of  the  firft  is  not  more  than  fufficient  to  fcratch 
carbonated  lime  ;  that  of  the  third  is  fuch  as  to  cut  fluated  lime. 

The  firft  fpeeies  has  an  obtufe  rectangular  oCtahedron  for  a 
unique  and  primitive  cryftal,  whofe  dimenftons  have  been 
given  above:  the  figure  of  the  third  is  an  acute  rectangular 
oCtahedron,  in  which  each  pyramid  has  two  faces  more  in¬ 
clined  than  the  other  two;  the  two  moft  inclined  faces  meet 
at  the  fum m it,  in  an  angle  of  84-S  and  at  the  bafe  in  one  of 
96°,  and  the  two  others  meet  at  the  fummit  in  an  angle  of 
6H°,  and  at  the  bafe  in  one  of  102°.  This  octahedron  is  moft 
ulually  cuneiform-,  and  its  prolongation  is  fometimes  very  con  ft - 

derable; 


ARSENIATED  copper# 


25* 


derable;  it  then  takes  the  appearance  of  a  rhomboidal  tetrahe¬ 
dral  prifm  of  84°  and  96°,  terminated  at  its  extremities  by  a 
dihedral  fummit  with  ifofceles  triangular  planes,  the  iummit  of 
which  is  placed  on  the  edges  of  84°,  and  the  bales  meet  with 
each  other  in  an  angle  of  112°.  This  form  has  not  hitherto 
fhown  any  other  modification  except  being  replaced  by  a  plane, 
larger  or  fmaller,  on  the  edges  of  96°.  Its  planes  are  ulually 
very  fmooth  and  brilliant,  and  I  have  never  been  able  to  dil- 
eover  an  appearance  of  divifion  (clivage)  in  any  ot  them. 

This  third  fpecies  pafies  by  the  greatly  lengthened  odtahe- 
dron  to  the  determinate  capillary  variety,  as  well  as  to  that 
which  is  indeterminate,  and  in  this  cafe  the  colour  appears 
either  to  tend  more  to  green  or  to  take  a  more  defined  yellow, 
which  fometimes  has  the  brilliancy  of  gold. 

The  firft  fpecies  does  not  exhibit  any  thing  which  refembles 
thefe  various  tranfitions;  it  is  always  the  fame  obtufe  octahe¬ 
dron,  and  only  varies  by  a  very  flight  prolongation  of  its  cryflals 
parallel  to  the  leaft  inclined  faces.  To  make  the  formation  of 
the  acute  octahedron  of  the  third  fpecies,  fecondary  to  the  ob¬ 
tufe  one  of  the  tirfi,  you  fuppofe  a  decrement  at  the  bafe  of 
the  latter  of  two  rows  above  and  below  the  edges  of  the  union 
of  the  leaf!  inclined  faces,  and  another  of  four  rows  at  that  of 
the  union  of  the  molt  inclined  faces,  and  by  this,  you  get  an 
acute  octahedron,  whofe  molt  inclined  faces  meet  at  the  fum¬ 
mit,  in  an  angle  of  86°  24'  and  at  the  bafe  in  an  angle  of 
93°  36' ;  and  the  others  meet  at  the  fummit  in  an  angle  ol  7  1 
and  at  the  bafe  in  one  of  109°. 

I  acknowledge  that  this  approximation  to  the  meafures 
which  I  have  given  is  feducing,  and,  confidering  the  natural 
fmallnefs  of  the  cryltals  of  this  fpecies,  it  would  perhaps  be 
difficult  for  me  to  pronounce  determinately  whether  the  mea¬ 
fures  which  I  have  taken  are  much  more  exadt  than  thofe  to 
which  you  have  attained  by  calculation;  but  this  I  can  allure 
you,  that  no  indication  whatever,  in  either  of  thefe  two  odta- 
bedra,  leads  to  the  fuppofition  which  has  given  you  this  re- 

UU. 

From  the  details  I  have  now  given,  it  is  eafy  to  deduce  the  Reafons  for 
reafbns  which  impel  me  to  adhere  to  the  divifion  which  I  have  °thc^ ^ 

thought  it  right  to  make  in  the  arfeniated  copper,  and  prevent  fpecies. 
me  from  adopting  the  approximation  to  which  your  ingenious 
bypotifcfes  have  led  you.  Every  thing  Hill  feems  to  me  to  tend 

3  to 
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Compaiifon  of 
the  fourth 
fpecies  with  the 
firit. 
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to  indicate  a  difference  in  the  fpecies  into  which  I  have  fepa* 
rated  them,  while  to  bring  them  to  a  fingle  one,  you  have  been 
obliged  to  confider  as  nothing,  all  the  exterior  fpecific  charac¬ 
ters,  with  the  exception  of  the  form  alone,  and  you  have  ufed 
the  latter  only  in  edablifliing  an  hypothecs  refpe&ing  it,  to 
which,  neither  artificial  means,  luch  as  (plitting,  nor  natural 
indications,  fuch  as  fecondary  planes  on  a  primitive  crydal,nor 
the  retaining  of  primitive  planes  on  the  others  have  led  you. 
If  in  the  explana  ion  of  embaraffing  fa£ts,  it  were  permitted 
thus  to  make  nature  fpeak  when  fhe  is  filent,  I  have  no  hefi- 
tation  in  afferting  that  a  naturalid  fo  well  informed,  and  fo 
pi  aft i fed  in  the  art  of  calculation  as  you  are,  would  find  very- 
few  obfiacles  in  refolving  all  the  fpecies  into  each  other  when¬ 
ever  he  chofe. 

Of  the  four  fpecies  of  arfeniated  copper  which  I  have  de- 
fcribed,  there  (till  remains  one,  in  refpect  of  which  you  have 
not  made  any  calculation  of  approximation;  it  is  the  fourth, 
which,  as  I  have  dated,  has  for  a  primitive  cryftal  a  tetrahe¬ 
dral  prifi n  with  an  equilateral  triangl  tor  a  bale.  Neverthelefs 
you  do  not  exclude  it  when  you  draw  your  conclufions  on  the 
doubt  which  you  believe  fo  exifi  on  the  divifion  of  the  arfeni- 
ated  coppers  info  four  fpecies,  and  you  direfl  this  doubt  equally 
to  the  fourth.  Since  according  to  your  fuppofition  this  can 
only  be  as  a  primitive  to  the  fird  crydal,  that  it  may  alfo  be  in 
a  date  to  be  brought  to  it,  I  have  thought  it  right  to  add  like- 
wife  the  comparifon  of  this  fourth  fpecies  with  the  drd. 

Cwnpctrifon  of  the  Fourth  Species  with  the  Firjl, 

The  colour  of  the  fird  fpecies  is  a  deep  dry-blue,  which  fome- 
times  changes  to  grah-green.  That  of  the  fourth  is  a  brilliant 
deep  verdigris,  but  its  furface  is  very  readily  difcoloured,  doubt- 
lefs  by  oxidating,  and  it  then  becomes  black  :  this  renders  the 
cry  dais  opaque,  which,  when  they  have  not  experienced  this 
alteration,  are  beautifully  tranfparent;  this  is  very  unufual 
among  thofe  which  have  been  naturally  expofed  to  the  free  air 
during  a  certain  time.  This  change  however  exids  only  at  the 
furface;  by  fcratching  the  crydals  lightly,  their  fine  colour  is 
readily  redored  to  them.  I  have  never  perceived  any  thing, 
refembhng  this  fact,  which  unqucdionably  depends  on  the  na¬ 
ture  of  the  fubdance  of  this  fpecies,  either  among  the  crfHals 
of  the  fird,  or  among  thofe  of  the  fecond  and  third. 


The 
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The  fpecific  gravity  of  the  fourth  fpecies  is  4280,  and  is 
confequently  perfettly  analogous  to  that  of  the  arfeniated  cop¬ 
per  of  the  third  fpecies,  but  at  the  fame  time  greatly  inferior 
to  that  of  the  firft,  which  is  2881. 

Its  hardnefs,  much  below  that  of  the  third  fpecies  which  we 
have  juft  feen  that  it  refembles  in  weight,  is  alfolefs  than  that 
of  the  firft  fpecies,  by  which  it  is  cut. 

Its  forms,  which  are  greatly  multiplied,  while  there  exifts 
but  one  in  the  firft  fpecies,  differ  effentially  from  thofe  of  the 
firft. 

All  thefe  forms  appear  to  me  to  be  derived  from  the  right  Reafons  for 
tetrahedral  prifm  with  equilateral  triangles  for  bafes;  and  all  * ****** 

thofe  which  I  have  endeavoured  to  recognize  and  have  given 
in  my  memoir,  feemed  to  me  to  be  very  readily  derived  from 
that,  as  I  have  alfo  faid  :  thefe  cryftals  are  always  extremely 
fmall,  and  I  was  unable  to  meafure  them;  a  few  groups  of 
them  exhibited  this  prifm  in  fuch  a  manner  that  I  could  oh- 
ferve  it  perfectly  complete.  The  fcarceft  cryftals,  after  thofe 
belonging  to  the  varieties  which  I  have  reprefented  at  figures* 

15,  16  and  17,  and  which  are  ufually  fo  grouped  as  to  pene¬ 
trate  each  other,  and  thus  to  become  very  difficult  to  be  known, 
are  the  very  acute  complete  rhomboid  and  its  incomplete  va¬ 
rieties,  fuch  as  are  reprefented  at  figures  22,  23  and  24  of  my 
memoir.  I  even  hefitated,  the  divifion  (clivage)  not  having 
fhown  any  thing  to  guide  me,  whether  I  fhould  not  take  this 
rhomboid  for  the  primitive  form.  In  this  inftance,  the  only 
manner  which  feemed  to  me  natural  and  fimple  of  connecting 
this  eryftal  with  the  obtufe  octahedron  of  the  third  fpecies,  is 
to  fuppofe  this  octahedron  become  rhomboidal  by  an  increafe 
having  taken  place  by  the  fuperpofition  of  laminae,  or  by  the 
collection  of  rows  of  moleculas,  growing  fmaller,  on  only  one 
of  the  faces  of  each  pvramid,  and  in  an  oppofite  direction  on 
each  of  them,  as  occurs  in  the  fpinel,  and  a  number  of  fub- 
fiances  having  a  right  oCtahedron  for  a  primitive  eryftal,  and 
which  I  have  alfo  feen  in  the  diamond.  But  in  this  cafe,  either 
the  increafe  muff  be  made  on  the  moft  inclined  faces,  and  then 
calculation  fhows  that  the  planes  of  the  rhomboid  fhould  have 
57Q-  39' and  122°  2l'  for  the  meafure  of  the  angles  of  its  plane; 
or  the  fame  increafe  muft  be  made  on  the  leaft  inclined  faces,  and 
then  the  meafures  of  the  angles  of  the  plane  of  the  rhomboid 

*  Phil.  Tranf. 

Vol.  VIII.—  Aucust,  1804.  $ 
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fhould  be  47°  4'  and  132°  56':  now  although  from  its  minute- 
nefs,  the  rhomboid  which  exifis  in,this  fpecies  is  not  meafur- 
able  by  inftruments,  yet  I  can  affirm  with  certainty  that  it  is 
much  more  acute  than  either  of  the  two  which  this  fuppofition 
gives  rife  to. 

It  is  very  true,  Sir,  that  fince  my  memoir  on  the  arfeniated 
copper  was  printed,  I  have  thought  it  right  to  feparate  the 
fpecies  defcribed  in  it,  and  to  make  a  fifth  of  one  of  the  fub- 
fiances  included  among  them  ;  a  fubftance  which  is  entirely 
different  from  the  others  in  its  exterior  characters,  and  feems 
to  lead  naturally  to  a  belief  that  water  muft  be  a  principal  in 
the  number  of  its  component  parts:  but  )ou  are  in  an  error 
with  refpeCl  to  which  of  thefe  fub dances  I  believe  to  be  really 
of  a  different  nature  from  the  others.  In  my  firfi  work  on  the 
arfeniated  copper,  I  found  it  neceffary  to  make  feveral  fubdi- 
vitions  or  varieties  in  the  fourth  fpecies:  of  thefe,  the  three 
firfi  are  the  determinate  capillary,  the  indeterminate  capillary, 
and  that  which  is  folid  at  one  of  its  extremities,  and  divided 
into  very  delicate  fibres  at  the  other.  You  feem  to  believe 
that  I  comprehend  thefe  three  varieties  in  the  new  fpecies 
which  I  have  been  led  to  c.onfider  as  an  hidro-aifeniate.  i  his 
opinion  would  indeed  be,  as  you  very  juftly  obferve,  com¬ 
pletely  contradictory  of  every  thing  which  I  have  laid  on  thefe 
varieties,  in  the  defcription  I  have  given  of  them,  and  I  have 
no  doubt,  mufl  have  afionifhed  you.  The  onl)  fpecies  of  arfe¬ 
niated  copper  to  which  this  opinion  is  directed,  is  that  which 
includes  the  two  varieties  to  which  I  have  given  the  names  of 
hematiform  and  amiantiform:  they  are  very  certainly  the  fame, 
with  this  difference,  that  one  is  the  produCt  of  the  decompoii- 
tion  of  the  other. 

This  arfeniated  copper,  when  it  is  unmixed,  forms  very 
compact  mamellae,  but  firialed  from  the  centre  to  the  circum¬ 
ference,  and  very  often  alfo  forming  different  concentric  lay¬ 
ers :  their  colour  is  brown,  fome times  with  a  very  flight  tinge 
of  green.  This  fubfiance,  in  its  afpeCt,  greatly  refembles  the 
hematiform  oxide  of  tin,  which,  in  Cornwall ,  bears  the  name 
oC  wood-tin;  this  has  caufed  the  miners  of  the  fame  country  to 
give  the  name  of  wood-copper  to  this  fpecies  of  arfeniated  cop¬ 
per.  Its  hardnefs,  notwithfianding  its  fibrous  texture,  is  fuffi- 
ciently  great  to  fcratch  fluated  lime  with  facility.  Its  fpecific 
gravity  is  from  4100  to  4200* 
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this  fubdance  very  readily  changes;  it  then  paffes  to  an  Reafons  for 
afli-grey,  and  lofes  conflderably  of  its  hardnefsj  it  alfo  fre-  a 

quently  experiences  a  more  advanced  decompofition,  and  then 
becomes  perfectly  white,  and  fo  foft  that  the  nail  is  futficient 
to  cut  it  and  feparate  its  fibres.  If  the  mamellas  which  iiave 
palled  to  this  (late  are  broken,  their  decompofition  is  frequently 
found  to  have  reached  their  centre;  but  very  frequently  alfo 
the  centre  lias  perfectly  retained  its  brown  colour  and  its  hard- 
nefs,  and  both  are  obferved  to  diminifh  gradually  on  approach¬ 
ing  the  circumference;  if  in  this  cafe  the  attention  is  direCted 
to  the  fibres  near  the  Circumference,  it  will  be  feen  that  they 
are  detached  from  each  other,  and  that  the  furface  itfelf  of 
thefe  mamellae  has  the  appearance  of  that  of  madrepore,  from 
the  immenfe  number  of  fiffures  in  different  directions,  which 
are  occafioned  by  the  contraction.  At  length  this  fubfiance 
arrives  at  fuch  a  degree  of  decompofition,  that  the  mamellae 
open  completely,  their  fibres  are  entirely  feparated  from  each 
other,  and,  in  this  date,  frequently  become  fo  flender  and 
flexible  as  perfectly  to  refemble  finall  portions  of  papyraceous 
amianthus. 

Such,  Sir,  is  the  nature  of  the  arfeniated  copper,  in  which 
I  believe  I  have  found  properties  and  a  mode  of  exifience  which 
differ  from  thofe  of  the  others,  and  which  I  have  had  opportu¬ 
nities  of  examining  with  greater  facility  and  accuracy  fince  the 
impreffion  of  my  memoir.  This  eafy  decompofition,  the  pro¬ 
digious  contraction,  and  the  great  change  which  this  fubftance 
experiences  in  itfelf,  have  led  me  to  fuppofe  that  the  lofs  of 
water  has  great  influence  on  it.  But  this  faCt  is,  however, 
nothing  more  than  an  opinion,  which  experience  will  either  re- 
jeCt  or  confirm  ;  and  I  have  fo  dated  it.  It  may  alfo  be  very 
podible  that  this  arfeniate  is  no  more  than  a  variety  of  the  third 
fpecies,  as  I  at  fii  d  confidered  it.  You  mud,  however,  ac¬ 
knowledge  that  it  offers  very  fingular  charaClers,  of  which  it 
would,  therefore,  be  intereding  to  know  the  caufe. 

The  dealers  in  minerals  from  London,  and  principally  Mr* 

JVIawe,  have,  I  believe,  taken  a  collection  of  arfeniated  cop¬ 
per  to  Paris.  This  fubdance  appears  to  me.  worthy  of  engag¬ 
ing  (he  attention  of  chemids,  who,  I  am  of  opinion,  diould 
repeat  the  analyfes  of  it.  Perhaps  they  may  one  day  throw  a 
clearer  light  on  a  fubdance  which  has  greatly  intereded  me, 
and  to  which  I  am  at  this  moment  indebted  for  the  pleafure  of 
having  entered  with  you.  Sir,  into  a  difcuffion,  agreeable  in  its 
manner  and  indruCtive  in  its  effeCL 
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Procefs  for  feparating  Alumine  from  Alum.  In  anfiuerto  the  En¬ 
quiries  of  R.  T.  By  Mr  Frederick  Accum. 

To  Mr.  NICHOLSON. 

SIR, 

Jf  you  have  not  received  a  better  anfwer  to  the  queries  of  your 
correspondent  R.T.  (p.  141)  who  finds  fo  much  difficulty  in  ob^ 
taining  alumine  in  a  ffate  of  purity,  I  requeft  you  will 

give  a  place  to  the  following  lines  in  your  next.  I  have  en¬ 
deavoured  to  be  as  concife  aspoffible,  and  have  the  honour  to  be. 
Sir, 

Your  moft  obedient  humble  Servant, 

FREDERICK  ACCUM. 

Old  Cojjipton- Street,  Soho , 

July  17,  1804. 


not  a  mere 
earth. 


Common  procefs  The  procefs  in  general  recommended  by  fy Hematic  writers 
for  feparating  for  obtaining  alumine,  (which  R.  T.  adhered  to)  is  abfolutely 
aium,n<throws  erroneous,  for  no  pure  earth  of  alum  can  be  expe&ed  if  a  fo- 
down  a  fait,  and  ffition  of  alum  of  commerce  be  decompofed  by  a  Solution  of 
carbonated  alcali,  and  fubfequent  ablution  and  expulfion  of  the 
carbonic  acid.  For  alum  of  commerce  is  a  triple  compound, 
confiding  of  alumine#  potafii  and  Sulphuric  acid  in  exceSs.  If 
we  attempt  to  faturate  this  excefs  of  acid,  by  the  addition  of 
an  alcali,  or  even  by  pure  alumine,  a  highly  infoluble  fait, 
(Sulphate  of  alumine)  is  generated,  differing  from  alum  prin¬ 
cipally  in  the  proportion  of  its  conffituent  parts.  When  we 
therefore  gradually  add  (as  R.  T.  did)  to  a  Solution  of  alum,  a 
carbonated  alcali,  the  firff  effect  of  it  is,  to  faturate  the  exceSs 
of  the  Sulphuric  acid,  and  the  precipitate  confiffs  principally 
of  the  fait,  which  is  infoluble  in  water.  A  farther  addition 
effects  inffantly  a  decompofition  of  part  of  the  fait,  which,  in 
proportion  as  it  takes  place,  becomes  mixed  with  the  alumine, 
which  is  thus  covered  or  defended  from  the  further  adtion  of  the 
alcali.  This  being  the  cafe,  it  is  obvious  that  no  fubfequent 
waffling  can  do  more  than  Separate  the  Sulphate  of  potato,  and 
therefore  the  refiduum,  inffead  of  being  pure  alumine  (as 
R.  T.  imagines)  contains  alfo  a  variable  portion  of  true  Sul¬ 
phate  of  alumine. 

To 
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To  prove  what  has  been  ftated  before,  let  any  quantity  of  The  precipitate 
the  obtained  alumine  be  heated  in  contact  with  charcoal  povv-  earth^it^heated 
der;  introduce  the  mixture  into  a  tabulated  retort,  connected  with  charcoal, 
with  the  pneumatic  apparatus,  and  add  to  it  murratic  or  ful- 
phuric  acid;  the  refult  will  be  lulphuretted  hidrogen  gas  in  gives  fulphuret- 
abundance,  particularly  if  heat  be  applied  to  the  mixture. ed  hidrogen. 
Idle  produ&ion  of  this  gas  will  become  evident  on  confidering 
the  ptiilofophy  of  the  procels.  By  means  of  the  following 
method,  alumine  may  be  obtained  in  a  purer  ftate. 

Take  any  quantity  of  alum  of  commerce,  diflblve  it  in  four  Method  of 
parts  of  boiling  diftilled  water,  and  mingle  this  folution  with  feParat,ni  Pur*f 
liquid  ammonia  till  no  further  cloudinefs  enlues.  Then  heat 
the  mixture  nearly  to  the  boiling  pqint  fora  few  minutes,  and 
transfer  it  on  a  filter.  In  proportion  as  the  fluid  paffes  off.  Precipitate  by 
pour  more  water  over  the  precipitate,  and  continue  the  abiu-  Dhf- 

fcion  till  the  water  runs  off  taftelefs.  Having  done  this,  letthefoive  in  muriatic 
precipitate  while  yet  in  a  party  ftate,  be  transferred  into  a  ba-  ^ d ^ r  ^fta  h°ze  ** 
fon  or  flafk,  and  add  to  it  muriatic  acid,  in  fmail  quantities  at  for  a  con  t  ami  - 

a  time,  until  the  whole  is  diflolved;  then  evaporate  the  folu- na.tlI,g  Portlon 
•  mi  i  .  °t  aium.  I  hen 

tion  till  a  drop  of  it,  when  luftered  to  cool  on  a  plate  of  glats,  dilute  and  pre¬ 
yields  minute  cryftals.  If  it  now  be  buffered  to  cool,  cryftals  update  again  by 
of  alum  will  bedepofited.  Remove  thefe  cryftals,  by  decant-  ammon13* 
ingthe  fluid,  and  renew  the  evaporation,  until  on  further  cpol- 
ing,  no  more  cryftals  are  formed.  Nothing  now  but  nearly 
pure  alumine  remains  in  folution;  the  potafh  and  fulphuric 
acid  being  got  rid  of,  at  the  expence  of  a  little  alumine  in  the 
cryftals.  The  fluid  may  therefore  be  diluted  with  water,  and 
then  decompofed  by  liquid  ammonia,  taking  care  to  add  this 
alcali  in  excefs.  The  precipitate  thus  obtained,  when  waflied 
and  dried,  will  be  alumine  in  a  ftate  of  confiderabie  purity. 

The  alumine  thus  obtained  does  not  yield  fulphuretted  hidro-  The  earth  that 
gen  when  heated  with  charcoal  power;  it  emits  no  odour now  ^alls  is 
when  breathed  upon,  it  is  fomewhat  uruftuous  to  the  touch,  in-  p””^erably 
^Ipid,  and  white  as  fnow. 
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VI. 


Short  Account  of  Mr .  Arthur  IVootf’s  Improvement  in  the  Con • 

Jlrudion  of  Steam-Engines. 

DHcovery  that  Mr.  WOOLF  founds  his  improvements  on  an  important 

jr^a y C be^f uffe red  c^covery  has  made  refpe61irig  the  expanfibility  of  fleam 
to  expand,  with  when  increafed  in  temperature  beyond  the  boiling  point,  or 
• poWerful  212°  of  Fahrenheit’s  thermometer.  It  has  been  afeertained 
for  fome  time  by  Mr.  Watt,  that  fleam  acting  with  the  ex- 
panlive  force  of  four  pounds  per  (quare  inch  againfl  a  fafety- 
valve  expofed  to  the  atmofphere,  is  capable  of  expanding  it- 
felf  to  four  times  the  volume  it  then  occupies,  and  flill  to  be 
equal  to  the  preffure  of  the  atmofphere.  Mr.  Woolf  has  dif- 
covered  and  eflablifhed  by  proof,  that  fleam  of  the  force  of 
five  pounds  the  fquare  inch,  may  expand  itfelf  to  five  times  its 
volume;  that  maffes  or  quantities  of  fteam  of  the  like  expan- 
five  force  of  fix,  feven,  eight,  nine,  or  ten  pounds  the  fquare 
inch,  may  be  buffered  to  expand  to  fix,  feven,  eight,  nine,  or 
ten  times  its  volume,  and  will  flill  be  refpeclivelv  equal  to 
the  atmofphere,  or  capable  of  producing  a  futficient  action 
againfl  the  pifton  of  a  fleam-engine  to  caufe  the  fame  to  rife 
in  the  old  engine  (with  a  counterpoife)  of  Newcomen,  or  to 
be  carried  into  the  vacuous  part  of  the  cylinder  in  the  im¬ 
proved  engines  fir  ft  brought  into  effect  by  Meffrs.  Boulton  and 
Watt; — that  this  ratio  is  progreflive,  and  nearly  if  not  quite 
uniform,  fo  that  fleam  of  the  expand ve  force  of  20,  30,  40, 
or  50  pounds  the  fquare  inch  of  a  common  fafety-valve  will 
expand  itfelf  to  20,  30,  40,  or  50  times  its  volume  with  like 
effe6t;  and  that,  generally,  as  to  all  the  intermediate  or 
higher  degrees  of  elallic  force,  the  number  of  times  which 
lleam  of  any  temperature  and  force  can  expand  itfelf  is  nearly 
the  fame  as  the  number  of  pounds  it  is  able  to  fuflain  on  a 
fquare  inch  expofed  to  the  common  almofpheric  prelfure:  pro¬ 
vided  always  that  the  fpace,  or  veflel  in  which  it  is  allowed  to 
expand  itfelf,  be  of  the  fame  temperature  as  that  of  the  fleam 
before  it  was  allowed  room  to  expand. 

•—  the  incTf*afe of  Re(pe61ing  the  different  degrees  of  temperature  required 
ternperacu^not  to  brjng  fleam  to,  and  maintain  it  at,  different  expanfive 

able.  forces  above  the  weight  of  the  atmofphere,  Mr.  Woolf  has 

3  *  found. 
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found,  by  a£lual  experiment,  fetting  out  from  the  boiling 
point  of  water,  or  212°,  at  which  degree  (team  of  water  is 
only  equal  to  the  preflure  of  the  atmolphere,  that  in  older 
to  give  it  an  increafed  elaflic  force  equal  to  five  pounds  the 
fquare  inch,  tire  temperature  muff  be  railed  to  about  2Ti\  , 
when  it  will  have  acquired  a  power  to  expand  itlclf  to  five 
times  its  volume,  (fill  being  equal  to  the  atmolphere,  and  capa¬ 
ble  of  being  applied  as  (uch  in  the  working  of  fleam-engines, 
according  to  his  invention:  and  with  regard  to  various  other 
preflures,  temperatures,  and  expanfive  forces  of  fleam,  the 
fame  are  fhown  in  the  following  table  : 


Table  of  the  relative  preffures  per  fquare  inch,  temperatures  and 
expanfibility  of  Jleaifi  at  degrees  of  heat  above  the  boiling  point 
of  water,  beginning  with  the  temperature  of  fleam  of  an  eUifiic 
force  equal  to  five  pounds  ppr  fquare  inch ,  and  extending  to 
fttam  able  to  fufiain  forty  pounds  on  the  fquare  inch. 


Steam  .of 
an  elaflic 
force  pre¬ 
dominat¬ 
ing  over 
the  pref-  J 
fure  of  . 
the  atmo- 
fphere 
upon  a 
I'afety- 
valve, 


Pounds  per 
fquare  Inch. 


6 

7 

8 

i 

9 
10 
15 

20 
25 
30 
35 
.  40,, 


Degrees 

of  Heat. 


requires 
to  be 
maintain¬ 
ed  by  a 
tempera-  j 
ture  equal 
to  about 


230| 
232| 
235| 
237  \ 
239i 
250i 
259  i 
267 
273 
273 
.282.. 


and  at 
thele  re- 
fpeClive  . 
degrees  of  1 
Heat,  ^ 
fleam  can 
expand 
itfelf  to 
about 


Expan- 

libility. 

r  n 

6 

7 

8 
9 

10 
15 
20 
25 
30 
35 
.40 


times  its 
volume, 
and  con-, 
tinue 
equal  in 
eiaflicity 
to  the 
preflure 
of  the 
atmo- 
fphere. 


And  fo  in  like  manner,  by  fmall  additions  of  temperature, 
an  expanfive  power  may  be  given  to  fleam  to  enable  it  to  ex¬ 
pand  to  50,  60,  70,  80,  9.0,  100,  200,  300,  or  more  times 
its  volume,  without  any  limitation  but  what  is  impoled  by 
the  frangible  nature  of  every  material  of  which  boilers  and 
the  other  parts  of  fleam-engines  have  been  or  can  oe  made; 
and  prudence  dilates  that  the  expanfive  force  fhoutd  never 
be  carried  to  the  utmofl  the  materials  can  bear,  but  rather  be 

kept  confiderably  within  that  limit. 

Upon  this  difeovery,  Mr.  Woolf  has  obtained  a  patent  for 
various  improvements  in  the  fleam-engine,  from  the  (pecifica- 


Table  of 
preflures, 
temperatures 
and  expan¬ 
sions  of  fleam 
equal  in  force 
to  the  atmof- 
phere. 
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Extratt  from 
Mr.  Woolf’s 
fpecification. 
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tion  of  which,  the  following  extra£l  is  made,  which  will  be 
fufficiently  inftru&ive  to  thofe  who  are  acquainted  with  the 
fubjedl. 

**  If  the  engine  be  conflru&ed  originally  with  the  inten¬ 
tion  of  adopting  my  faid  improvement,  it  ought  to  have  two 
fleam  veffels  of  different  dimenfions,  according  to  the  tem¬ 
perature  or  the  expantive  force  determined  to  be  communi¬ 
cated  to  the  fleam  made  ufe  of  in  working  the  engine;  for  the 
fmaller  fleam  veffel  or  cylinder  mu  ft  be  a  meafure  for  the 
larger.  For  example,  if  fleam  of  forty  pounds  the  fquare 
inch  is  fixed  on,  then  the  fmaller  fleam  veffel  fhould  beat  lead 
one  fortieth  part  the  contents  of  the  larger  one;  each  fleam 
veffel  fhould  be  furnifhed  with  a  piflon,  and  the  fmaller  cylin¬ 
der  fhould  have  a  communication  both  at  its  top  and  bottom 
(top  and  bottom  being  here  employed  merely  as  relative  terms, 
for  the  cylinders  may  be  worked  in  a  horizontal  or  any  other 
required  pofition,  as  well  as  vertical) :  the  fmall  cylinder,  I 
fay,  fhould  have  a  communication  both  at  its  top  and  bottom 
with  the  boiler  which  fupplies  the  fleam,  which  communica¬ 
tions,  by  means  of  cocks  or  valves  of  any  conflruclion  adapted 
to  the  ufe,  are  to  be  alternately  opened  and  lhut  during  the 
working  of  the  engine.  The  top  of  the  fmall  cylinder  fhould 
have  a  communication  with  the  bottom  of  the  larger  cylinder, 
and  the  bottom  of  the  fmaller  one  with  the  top  of  the  larger, 
with  proper  means  to  open  and  fhut  thefe alternately  by  cocks, 
valves,  or  any  other  well-known  contrivance.  And  both  the 
top  and  bottom  of  the  larger  cylinder  or  fleam  veffel,  fhould, 
w'hile  the  engine  is  at  work,  communicate  alternately  with  a 
condenfing  veffel,  into  which  a  jet  of  water  is  admitted  to 
haflen  the  condenfation,  or  the  condenfing  veffel  may  be  cooled 
by  any  other  means  calculated  to  produce  that  effedt.  Things 
being  thus  arranged,  when  the  engine  is  at  work,  fleam  of  high 
temperature  is  admitted  from  the  boiler  to  a<51  by  its  elaflic 
force  on  one  fide  of  the  fmaller  piflon,  while  the  fleam  which 
had  lafl  moved  it  has  a  communication  with  the  larger  fleam 
veffel  or  cylinder,  where  it  follows  the  larger  piflon  now  moving 
towards  that  end  of  its  cylinder  which  isopen  to  the  condenf¬ 
ing  veffel.  Let  both  piflonsend  their  ftroke  at  one  time,  and 
let  us  now  fuppofe  them  both  at  the  top  of  their  refpedtive  cy¬ 
linders,  ieady  todefcend;  then  the  fleam  of  forty  pounds.lhe 
fquare  inch  entering  above  the  fmaller  piflon  will  carry  it  dowm- 

wards. 
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wards,  while  the  fleam  below  it,  inftead  of  being  allowed  to  Extra&  frem 
efcape  into  the  atmofphere  or  applied  to  any  other  purpoie,  ^cificadoL.5 
will  pafs  into  the  larger  cylinder  above  its  piflon,  which  will 
take  its  downward  flroke  at  the  fame  time  that  the  piflon  of 
the  fmaller  cylinder  is  doing  the  fame  thing;  and  while  this 
goes  on,  the  (leant  which  laft  filled  the  larger  cylinder,  in  the 
upward  ttroke  of  the  engine,  will  be  palling  into  the  conden- 
fer  to  be  condenfed  during  the  downward  flroke.  When  the 
piflons  in  the  lmaller  and  larger  cylinder  have  thus  been  made 
to  defcend  to  the  bottom  of  their  refpe£tive  cylinders,  then 
the  fleam  from  this  boiler  is  to  be  lliut  off  from  the  top  and 
admitted  to  the  bottom  of  the  fmaller  cylinder,  and  the  com¬ 
munication  between  the  bottom  of  the  fmaller  and  the  top  of 
the  larger  cylinder  isalfo  to  be  cutoff,  and  the  communication 
to  be  opened  between  the  top  of  the  fmaller  and  the  bottom, 
of  the  larger  cylinder;  the  fleam,  which  in  the  downward 
flroke  of  the  engine  filled  the  larger  cylinder,  being  now  open 
to  the  condenfer,  and  the  communication  between  the  bottom 
of  the  larger  cylinder  and  the  condenfer  fliut  off;  and  fo  on 
alternately,  admitting  the  fleam  to  the  different  fkles  of  the 
fmaller  piflon,  while  the  fleam  laft  admitted  into  the  fmaller 
cylinder  paffes  alternately  to  the  different  fides  of  the  larger 
piflon  in  the  larger  cylinder,  the  top  and  bottom  of  which  are 
made  to  communicate  alternately  with  the  condenfer. 

In  an  engine  working  with  the  improvements  which  have 
been  juft  defcribed,  while  the  fleam  is  admitted  to  one  fide  of 
the  piflon  in  the  fmaller  cylinder,  the  fleam  on  the  other  fide 
has  room  made  for  its  admiffion  into  the  larger  cylinder,  on  one 
fide  of  its  piflon,  by  the  condenfation  going  on  on  the  other 
fide  of  the  large  piflon  which  is  open  to  the  condenfer;  and 
that  wafte  of  fleam  which  takes  place  in  engines  w  orked  only 
by  the  expanflve  force  of  fleam,  from  fleam  pafling  the  piflon, 
is  prevented ;  for  all  fleam  that  paffes  the  piflon  in  the  fmaller 
cylinder  is  received  into  the  larger. 

“  In  fuch  an  engine,  where  it  may  be  more  convenient  for 
any  particular  purpofe,  the  arrangement  may  be  altered,  and 
the  top  ol  the  fmaller  made  to  communicate  with  the  top 
of  the  larger,  and  the  bottom  of  the  fmaller  with  the  bottom 
of  the  larger  cylinder ;  in  which  cafe  the  only  difference  will 
be,  that  when  the  piflon  in  the  fmaller  cylinder  defcends,  that 

in 
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in  the  larger  will  afeend,  and  while  the  latter  defeends  the 
former  will  afeend,  which  for  Come  particular  purpofes  may  be 
more  convenient  than  the  arrangement  before  deferibed.” 

Mr.  Woolf  then  proceeds  to  deferibe  various  other  modifi¬ 
cations  of  his  invention,  and  points  out  means  tor  applying  his 
improvements  to  the  working  of  fleam-engines  already  con- 
flrucled  and  now  in  ulfc.  It  is  obvious  that  the  advantages  of 
this  difeovery  promife  to  be  very  confiderable,  and  I  (hall  take 
the  earlieft  opportunity  of  communicating  the  fads  as  they 
fhall  be  brought  forward  in  pradice. 


VII. 

Defcriplion  nf  a  Chemical  Lamp ,  with  double  concentric  Wicks . 

Communicated  by  Mr,  Frederic  Accumd 

Defcrlptlon,  See.  r]P HOSE  who  are  familiar  with  Chemiflry  w  ill  readily  allow, 

chemical* lamp!  ^iat  one  the  principal  obflacles  which  frequently  impede  the 
progrefs  of  the  young  chemitl  in  the  profecution  of  his  fcience, 
is  the  want  of  proper  apparatus :  he  is  at  a  lofs  to  feled  from 
the  number  of  inflruments  difplayed  in  the  lectures  of  his 
teacher,  thofe  which  are  calculated  for  rendering,  in  his  own 
apartment ,  the  moft  important  truths  of  the  fcience  legitimate 
by  experiment. 

It  muff  naturally  be  fo,  as  long  as  chemifts  are  anxious  to 
exhibit  a  variety  of  coflly  and  complicated  apparatus,  and  con¬ 
tinue  to  pay  that  frivolous  regard  to  Jhow  which  charaderifes 
fo  many  public  ledures ;  and  as  long  as  the  (ludent  is  told  in 
the  inlrodudory  leffon,  that  the  fcience  cannot  be  learned  but 
in  the  laboratory,  fitted  up  with  furnaces,  dills,  bellows,  water- 
baths,  fand-baths,  fyc.  It  is  true  indeed,  that  many  chemical 
phenomena  cannot  be  accurately  obferved  without  the  help  of 
inflruments  calculated  to  aflid  the  imperfedion  of  our  fenfes  ; 
but  it  is  equally  true,  that  many  of  the  brilliant  apparatus  which 
are  daily  difplayed  in  the  laboratories  of  teaching  chemifts, 
as  indruments  of  refearch,  ferve  more  to  divert  the  attention 
of  the  auditors,  than  to  elucidate  the  fundamental  truths  of  the 
icience.  . 

The  modern  procedes  of  philofophical  enquiry  differ  fo  much 
from  what  they  formerly  were,  and  the  indruments  of  experi¬ 
ment 
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ment  have  been  fo  much  improved  during  our  own  time,  that  Defcription,  &c. 

.  i  ri  n  qf  an  improved 

by  means  of  a  comparatively  (mall  number  ot  them,  the  molt  chemical  lamp, 

complicated  precedes  may  very  commodioufly  and  conve¬ 
niently  be  carried  on  in  the  clolet  of  every  cultivator  of  che- 
fnittry. 

To  awaken  the  induftry  of  the  junior  clafs  of  chemifts,  I 
gave  in  the  twenty-fourth  number  of  this  Journal,  a  defeription 
and  (ketch  of  a  convenient  and  portable  univerfal  furnace,  and 
in  the  twenty-third  number  of  the  fame  Journal,  I  ventured  to 
recommend  to  the  young  analyft  a  cheap  and  ufeful  apparatus 
for  drying  the  products  of  his  analyfis,  and  alfo  convenient  for 
experiments  on  artificial  cold,  fyc.  The  favourable  reception 
which  thefe  trifles  have  met  with  amongft  thole  amateurs  of 
the  fcience  for  whom  I  have  caufed  them  to  be  conflru6ted, 
has  encouraged  me  to  point  out  to  them  an  improved  lamp- 
furnace,  by  means  of  which,  in  the  fmall  way  and  on  the  table 
of  the  ftudent,  almott  every  operation  may  be  performed  at 
a  cheap  rate,  as  well  as  with  facility  and  difpatch.  In  order 
to  enable  the  intelligent  reader  to  judge  for  himfelf,  I  thall 
firfi  detail  the  conftru&ion  of  the  inflrument,  and  then  point 
out  to  the  inexperienced  operator  fome  of  the  mod  capital  pro- 
cedes  which  ferve  to  unfold  the  fundamental  truths  of  the 
fcience,  and 'for  which  the  lamp  may  be  applied  according  to 
the  conditions  laid  down. 

Fig.  i,  Plate  XIV.  is  a  perfpe&ive  view  of  the  improved 
chemical  lamp-furnace.  It  confifls  of  a  brafs  rod  ferewed  to  a 
foot  of  the  fame  metal,  loaded  with  lead.  On  this  rod  (which 
may.be  unferewed  in  the  middle,  for  rendering  it  more  port¬ 
able)  Aide  three  brafs  dockets  with  ftraight  arms,  terminating 
in  brafs  rings  of  different  diameters.  The  largeft  meafures 
four  inches  and  a  half;  Thefe  rings  ferve  for  fupporting  glafs 
alembics,  retorts,  Florence- flalks,  evaporating-bafons,  gas- 
bottles,  #c.  for  performing  dift illations,  digefikms,  folutions, 
evaporations,  faline  fufions,  concentrations,  analyfes  with  the 
pneumatic  apparatus,  SfC.  If  the  veflels  are  not  wifiied  to  be 
expofed  to  the  naked  fire,  a  copper  fand-bath  may  be  inter- 
pofed,  which  is  to  be  previoufly  placed  in  the  ring.  Each  of 
tiie  brafs-rings  may,  by  means  of  a  thumb-ferew  acting  on  the 
rod  of  the  lamp,  be  fet  at  different  heights,  or  turned  alide,  , 
according  to  the  pleafure  of  the  operator.  Below  thefe  rings 
is  a  fountain-lamp  on  Argand’s  plan,  having  a  metallic  valve 

within. 
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Defcription,  Sec .  within,  to  prevent  the  oil  from  running  out  while  the  refervoir 

chemicTnamj^  *s  Pu^  *n^°  P^ace*  This  lamp  alfo  Hides  on  the  maia 
brafs  rod  by  means  of  a  focket  and  thumb-ferew.  It  is 
therefore  eafy  to  bring  it  nearer,  or  to  move  it  farther,  at 
pleafure,  from  the  vefiel  which  may  remain  fixed ;  a  circum- 
fiance  which,  independent  of  the  elevation  and  the  deprefiion 
of  the  wicks  of  the  lamp,  affords  the  advantage  of  heating  the 
velTels  by  degrees  after  they  are  duly  placed,  as  well  as  of 
augmenting  or  diminithing  the  heat  infiantly ;  or  for  main¬ 
taining  it  for  feveral  hours  at  a  certain  degree,  without  in  the 
leaft  difiurbing  the  apparatus  fufpended  over  it.  It  may 
therefore  be  ufed  for  producing  the  very  gentle  heat  neceflary 
for  the  rectification  of  ethers,  or  the  firong  heat  requifite  for 
diftilling  mercury. 

The  chief  improvement  of  this  lamp  confifts  in  its  power  of 
affording  an  intenfe  heat  by  the  addition  of  a  fecond  cylinder 
added  to  that  of  the  common  lamp  of  Argand.  This  addi¬ 
tional  cylinder  inclofes  a  wick  of  one  inch  and  a  half  in  dia¬ 
meter,  and  it  is  by  this  ingenious  contrivance,  which  was 
firft  fuggefied  to  me  by  Mr.  Webfter,  that  a  double  flame  js 
caufed,  and  more  than  three  times  the  heat  of  an  Argand's 
lamp  of  the  largeft  fize  is  produced.  This  part  of  the  con- 
ftruCtion  of  the  lamp  is  clearly  flievvn  in  Fig.  2,  which  repre- 
fents  the  concentric  wick-holders  of  the  lamp ;  the  difiance 
between  the  exterior  and  interior  cotton  is  half  an  inch,  the 
circumference  of  the  largeft  wick  is  inches,  and  that  of  the 
fmaller  two.  Both  the  wick-frames  are  connected  by  a  fine 
ferew  cut  upon  a  piece  of  pinion-wire. 

Fig.  3.  is  a  fe&ion  of  the  concentric  cylindrical  tubes  in 
which  the  wicks  move. 

The  fuperior  advantages  of  this  lamp,  above  all  others  I 
am  acquainted  with,  confifts  therefore  in  quickly  producing, 
if  required,  a  very  low  as  well  as  intenfe  heat,  and  in  regu¬ 
lating  its  power  inftantaneoufly ;  by  means  of  which  the 
operator  may  obferve  a  number  of  minute  circumftances  eflen- 
tial  to  be  known,  but  which  cannot  be  noticed  when  the  fame 
procefs  is  carried  on  within  a  furnace. 

Ufe  of  the  Lamp- Furnace. 

From  what  has  been  ftated  it  is  obvious,  that  this  lamp  may 
be  ufed  for  a  variety  of  chemical  operations,  if  conducted  un- 
lier  the  conditions  here  pointed  out ;  a  few  of  which  are — 

l.  For 
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2.  For  obtaining  oxigen  gas,  by  means  of  the  glafs  retort, 
from  a  mixture  of  four  parts  of  finely  powdered  black  oxide 
of  manganefe,  and  three  of  concentrated  fulphuric  acid  ;  or 
by  merely  heating  in  a  retort,  hyper-oxigenized  muriate  of 
potath. 

2.  For  difengaging  nitrogen,  or  azote,  from  animal  fub- 
ftatices,  by  affufing  two  parts  of  nitric  acid  of  commerce, 
diluted  with  an  equal  bulk  of  water,  upon  one  part  of  mufcu- 
2ar  fleftl  (a  piece  of  beef  or  veal  cut  into  fmall  pieces),  and 
heating  ‘he  mixture  to  ebullition  in  a  glafs  retort. 

3.  For  obtaining  hidrogen,  fulphurated  and  phofphorated 
hidrogen,  in  the  ufual  manner;  or  for  producing  heavy  car¬ 
bonated  hidrogen  by  ftrongly  heating,  in  a  retort,  a  mixture 
o!  three  parts,  by  weight,  of  concentrated  fulphuric  acid,  and 
one  of  fulphuric  ether,  or  two  of  alcohol;  nitrous  gas,  by  any 
of  the  ulual  procetfes ;  gazeous  oxide  of  nitrogen,  by  decom- 
pofi ng  nitrate  of  ammonia  by  heat  in  a  retort;  fulphureous 
acid  gas,  by  caufing  four  parts  of  concentrated  fulphuric  acid 
to  aCt  on  one  of  lump-fugar,  aflifting  the  aCtion  of  the  mixture 
in  the  retort  by  heat;  muriatic  acid  gas;  oxigenized  muriatic 
acid  gas,  and  carbonic  acid  gas,  according  to  any  of  the  ufual 
methods;  ammoniacal  gas,  by  heating  in  a  retort  a  mixture 
of  two  parts  of  finely  powdered  lime  and  one  of  muriate  of 
ammonia. 

4.  For  the  diftillation  of  nitric,  muriatic,  oxi-muriatic,  ace¬ 
tic,  oxalic,  arfenic,  pruffic,  fuberic,  mucous,  and  camphoric 
acids,  according  to  the  methods  recommended  by  fyftematic 
writers. 

5.  For  the  produ&ion  of  metallic,  earthy,  and  alkaline  firl- 
phurets  ;  fuch  as  fulphuret  of  potafh,  foda,  barytes,  tfron  tia, 
ammonia,  iron,  copper,  tin,  mercury,  fyc. 

6.  For  performing  the  analyfis  of  ores  of  gold,  filver,  cop¬ 
per,  lead,  zinc,  tin,  fyc,  and  for  examining  mineral  and  native 
falts,  earth  and  ftones,  according  to  the  methods  pointed 
out  in  the  “  Practical  EfTay  on  the  Analyfis  of  Minerals,"  and 
for  a  variety  of  other  operations,  too  numerous  to  be  detailed. 

Old  Comp  ton-Street,  Soho, 

July  IV,  1S04. 
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On  the  mutual  Precipitating  qf  Metallic  Oxides .  By 
J.  L.  Gay-Lussac.* 


The  fuhje&  is 
hither1. o  but 
little  known. 


Ufility  of  the 
inveftigation. 


Experiments 
with  the  green 
and  red  muriates 
ef  iron. 


T HAT  we  have  dill  fo  little  information  on  the  mutual  pre¬ 
cipitations  of  metallic  oxides,  can  only  be  attributed  to  the 
complication  of  the  refults  which  they  offer.  Indeed,  a  little 
reflection  will  convince  us  that  the  oxidation,  the  affinity,  the 
reciprocal  a£lion  of  the  oxides,  a^d  the  property  which  they 
have  of  neutralizing  the  acids  unequally,  are  fo  many  caufes 
which  muff  join  in  the  produ&ion  of  the  phenomena.  It  would, 
nevertheless,  be  very  ufeful  to  know  the  order  in  which  the  me¬ 
tallic  oxides  precipitate  from  their  folutions:  the  chemical  ana- 
ly  fes.and  more  efpecially  the  purification  of  metallic  falls,  would 
thence  become  eafier.  It  was  with  this  intention  that  I  have 
made  fome  experiments,  and  if  they  have  not  been  fuffieiently 
numerous  to  have  enabled  n^e  to  diftirguifh  the  influence  of 
every  caufe,  they,  at  leaf!,  fhow  that  of  fome,  and  will  ferve 
to  draw  the  attention  to  a  fubjeft  which  is  ftill  obfeure  and  very 
complicated. 

I  fhall  begin  by  relating  the  refults  which  I  have  obtained,  and 
(hall  afterwards  endeavour  to  determine  their  caufes. 

Having  taken  a  folution  of  green  muriate  of  iron,  I  added 
to  it  a  little  red  muriate  of  the  fame  metal,  and  I  poured  potafh 
into  the  mixture  in  a  quantity  at  leaft  fuflicient  to  decompofe  all 
the  red  muriate  feparately.  Alier  agitation,  the  firft  portions  of 
alkali  yielded  a  precipitate  of  iron  very  much  oxided,  withoutany 
mixture  of  black  oxide;  but  by  adding  more  and  more  of  the  al¬ 
kali, it  finifhed  by  being  compofed  of  the  two  oxides.  The  filtered 
liquor  was  then'perfeclly  limpid,  and  no  longer  produced  a  blue 
with  the  pruffiates,  nor  a  black  with  the  gallic  acid:  this  proves 
that  the  very  oxided  iron  had  been  precipitated  from  it.  On 
making  the  inverie  experiment,  that  is  to  fay,  on  putting  a 
little  green  muriate  of  iron  into  a  larger  quantity  of  red  muriate, 
and  precipitating  it  by  the  alkali,  the  black  oxide  was  retained 
in  the  tolution  to  the  laft,  and  was  not  precipitated  until  after 
all  the  red  oxide.  Hence  therefore  it  refults  that  the  black  oxide 


*  From  the  Annales  de  Chimie,  No.  J45.  or  Vol.  XLIX.  p.  21. 
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of  iron  precipitates  the  red  oxide,  and  that  it  is,  consequently,  Black  oxide  of 
very  ealy  to  have  green  Solutions  of  iron  without  red  oxide,  tlv^red"0 

Into  a  Solution  of*  Sulphate  of  zinc  of  commerce,  which  is  Experiments 
known  to  contain  much  iron,  I  poured  a  little  potatli,  to w,ththt>^ulPhate 
produce  a  precipitate,  and  I  agitated  and  heated  the  mixture,  merce< 

On  examining  the  precipitate  I  found  oxide  of  zinc  and  a 
little  iron  very  much  oxided,  and  nevertheless  the  liquor  Still 
contained  much  iron,  but  it  was  at  the  minimum  of  oxidation: 
an  addition  of’  alkali  only  Separated  oxide  of  zinc.  I  divided 
the  filtered  liquor  into  two  portions ;  into  one  I  poured  oxige- 
nated  muriatic  acid,  and  I  boiled  the  other  with  a  little  nitric 
acid.  Potafh  then  poured  into  the  two  liquors  teparated  all  the 
iron  from  them.  So  that  there  only  remained  a  very  pure  Sulphate 
of  zinc,  containing  only  a  little  Sulphate  of  potafh,  which  it  is 
eafy  to  avoid  by  employing  oxide  of  zinc,  recently  prepared 
and  well  wa filed,  to  Separate  the  iron.  On  making  the  Same  Oxide  of  zinc 

experiments  on  other  Solutions  of  zinc,  I  confiantly  found  that Pr^c,picates  red 

.  .  .  -  J  oxide  of  iron, 

oxide  of  zinc  precipitated  red  oxide  of  iron,  and  that,  on  the  but  is  preclpi- 

contrary,  it  was  precipitated  by  the  black  oxide.  tated  by  the 

A  folution  of  zinc  in  nitric  acid  may  be  direftly  obtained. 

Sufficiently  pure,  by  diflolving  it  very  rapidly  :  great  part  of 
the  very  oxided  oxide  of  iron  is  precipitated  ;  and  that  which 
remains  in  Solution  requiring  a  great  excefs  of  acid,  is  precipi¬ 
tated  by  diffolving  another  quantity  of  zinc.  But  if  the  folution 
has  been  made  fiowly,it  retains  much  iron,  which  being  but  little 
oxided,  is  retained  very  firongly. 

It  is  well  known  that,  in  all  experiments  of  this  kind,  the  The  quantity  of 
precipitate  may  be  compofed  of  one  or  of  two  oxides,  accord- 
ing  to  the  quantity  of  alkali  employed  ;  but  the  better  to 
obferve  what  pailes,  it  is  advifeable  to  put  very  little  alkali  into 
the  metallic  folution,  the  precipitate  being  in  that  cafe  compofed 
of  only  one  oxide. 

£v  continuing  to  follow  the  Same  proceiTes  I  found,  that  when  Importance  of 
the  iron  is  very  much  oxided  it  is  precipitated  by  oxide  of  cop-  the  mutual  pre- 
per,  and  that  the  inveife  takes  place  when  it  is  but  little  So.  g0pper  °ux&°m 
Here  are  two  very  important  conlequences,  becaufe  they  may 
be  very  frequently  applicable  in  the  arts  :  the  firft  is,  that  all 
the  iron  may  be  feparated  from  a  folution  of  copper;  the  fecond, 
that  all  the  copper  contained  in  a  green  Solution  of  iron  may  be 
abfira-cled. 


iroa« 


Several 
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Sulphate  of  cop-  Several  colours  are  prepared  with  fulphate  of  copper,  but 

per  may  be  treed  the  jron  vvhich  it  always  contains,  and  which  hitherto  has  never 
from  iron:  .  y 

been  completely  feparated,  alters  the  fhade.  If,  to  accompmh 

this  laft  object,  the  iron  is  ftiongly  oxided  by  means  of  nitric 

acid,  or,  which  is  better,  of  oxigenated  muriatic  acid,  the 

fulphate  of  iron  may  be  intirely  precipitated  by  pouring  a 

fufficient  quantity  of  potafh  into  it,  and  by  heating  and  agitating 

the  liquor. 

and  fulphate  of  Green  f  Iphate  of  iron  is  alfo  frequently  employed  in  the 
iron,  froui  c°p-  ar(s#  and  in  many  of  them  it  is  defirable  that  it  fhould  not 
retain  any  copper.  Iron  has  the  property  of  feparating  it,  but  it 
appears  that  it  only  does  fo  imperfectly, and  requires  much  time. 
It  would  doubtlefs  be  more  advantageous  to  employ  potato, 
and  to  pour  a  little  into  the  green  fulphate  :  the  precipitate  of 
black  oxide  of  iron  would  be  fpeedily  re-dilfolved  by  agitation, 
and  would  precipitate,  at  the  fame  time,  the  oxide  of  copper 
and  the  red  oxide  of  iron,  if  there  was  any  in  the  green 
fulphate. 

I  (hall  here  remark  that,  having  employed  ammonia  todifeo- 
ver  the  copper  in  the  green  fulphate,  I  obferved  that,  on  adding 
an  excefs  of  alkali,  the  oxide  of  iron  was  diflblved  in  great 
abundance,  though  it  is  known  that,  in  the  fame  circum fiances, 
it  does  not  diflulve  the  very  oxided  iron.  The  folution  left  in 
the  air  is  decompr.fed,  the  ammonia  efcapes,  and  a  black  cruft 
is  formed  on  the  fur  face  of  the  liquid  which  foon  defends  it  from 
the  contact  of  the  air.  In  analyfes,  ammonia  is  frequently  em¬ 
ployed  to  feparate  iron,  but  this  method  is  not  good  unlefs  it 
had  been  ffrongly  oxided  before.  This  induces  me  to  believe 
that  this  circumstance  might  have  prevented  Bergman  from 
feparating  iron  from  nickel  by  means  of  ammonia;  for  he  found 
that  his  folution  contained  the  oxides  of  both  metals,  and  this 
could  only  have  arifen  from  the  iron  not  having  been  fufficienlly 
oxided. 

I  alfo  difcovered,  by  the  fame  means,  that  the  oxide  of 

1  '^ec\ pi t ate s The" ^  ox'genated  muriate  of  mercury  precipitates  the  red  oxide 

red  oxide  of  iron  of  iron  with  the  greateft  facility,  and  thofe  of  zinc  and  copper 

and  thofe  of  ainc  from  their  muriatic  folution. 

and  copper.  .  „  .  .  .  _  . 

Oxide  of  filver  Having  diliolved  a  piece  of  filver  in  nitric  acid,  I  obtained 
precipitates  ox-  a  blue  liquor  compofed  of  copper  and  filver.  A  little  potath 
poured  into  the  folution  formed  a  flocculent  precipitate,  com¬ 
pofed# 


Ammonia  dif- 
folves  oxide  of 
iron  at  a  mini¬ 
mum. 


Oxigenated  mu- 


idc  of  copper. 
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pofed,  in  great  part,  of  oxide  of  filver,  becaufe  the  precipi¬ 
tation  took  place  only  where  the  alkali  was  poured  in  ;  but  this 
precipitate  was  gradually  covered  with  oxide  of  copper,  and, 
by  agitation,  it  was  in  a  little  time  replaced  by  the  latter.  An 
addition  of  alkali  having  given  me  a  precipitate  of  oxide  of 
filver  which  was  not  re-diffolved,  I  filtered  it,  and  obtained  a 
liquid  perfedly  coloUrlefs,  which  did  not  contain  any  more  cop¬ 
per.  If  it  is  wifhed  to  avoid  the  potaftl  in  the  folution,  a  part 
of  the  impure  nitrate  of  filver  may  be  decompofed  feparately, 
and  the  precipitate,  well  waflied,  may  be  employed  to  leparate 
the  copper  of  the  other  part.  This  fimple  method  of  feparating 
copper  trom  a  folution  of  filver  may  be  very  ufeful  in  labora¬ 
tories,  and  even  in  large  works. 

The  oxide  of  filver  alfo  decompofes  the  nitrate  of  zinc;  and 
the  oxide  of  manganefe  the  muriate  of  copper. 

In  what  precedes  I  have,  for  fhortnefs,  fuppofed  that  the  The  precipitates 
precipitates  were  pure  oxides ;  but  I  am  far  from  believing  ?re  noc  Pure  0X0 
this  to  be  the  cafe ;  on  the  contrary,  I  confider  nearly  all  of 
them  as  true  falts.  Copper,  for  example,  was  always  preci¬ 
pitated  of  a  bluifh-green,  although  the  fliade  varied  with  the 
oxides  which  were  precipitated ;  and  it  is  now  well  afcer- 
tained  by  Proud  and  the  younger  Berthollet,  that  the  green 
and  blue  oxides  of  copper  retain  fome  of  the  acid. 

Such  are  the  fads  as  I  have  obferved  them,  and  on  which 
alone  I  fhall  make  fome  reflections.  Although  they  are  too 

few  to  have  enabled  me  to  fix  on  all  the  circumftances  which 

• ' 

concurred  in  their  production,  the  examination  of  them  will, 
however,  develops  fome  of  them. 

In  fact,  if  we  dired  our  attention  to  the  acidity  of  the  dif-  Inferences  from 
ferent  falts  noticed  above,  we  fliall  fee,  a^cc>nfi deration 

\ft.  That  the  iron  which  is  but  little  oxided,  and  the  highly  the  acidity, 
oxided  mercury  which  precipitates  the  red  oxide  of  iron,  the  Neutralization 
oxide  of  zinc,  and  that  of  copper,  approach  nearer  to  neutra-  of  the  acids  by 
lization  than  the  latter. 

2 d.  That  the  zinc  and  manganefe  which  precipitate  the  cop¬ 
per,  neutralize  the  acids  better  than  it  *. 


oxides’. 


*  By  neutralizing  the  acids  more  or  lefs,  I  mean  tliat  property 
poltefTed  by  the  metallic  oxides,  and  fome  earths,  fuch  as  glucine 
and  alumine,  of  approaching  more  or  lefs,  in  their  combinations 
with  the  acids,  to  the  term  of  neutralization. 
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oxigen  is  not  the 
caufe. 


3d.  That  the  oxide  of  filver  which  precipitates  thofeof  zinc 
and  copper,  neutralizes  the  acids  better  than  them. 

Alumine  ie  pre-  If,  betides,  we  reflect,  that  alumine,  vvhofe  folutions  are 

taflic^xides^6"  vcry  ac,c^  *s  precipitated  by  feveral  metallic  oxides  which 
neutralize  the  acids  better  than  it ;  that,  according  to  the  ex- 
and  by  glucine.  periments  of  Vauquelin,  glucine  decompofes  aluminous  falts, 
and  that  its  folutions  are  more  neutral  than  thofe  of  alumine, 
Magnefia  preci-  although  they  are  not  entirely  fo ;  and,  finally,  that  magnefia, 
**«£.«*.  whi^  neutralizes  the  acids  perfectly,  precipitates  the  pre¬ 
ceding  earths,  and  a  very  great  number,  not  to  fay  ail,  the 
oxides  from  their  folutions ;  we  cannot  abftain  from  allowing 
that,  if  the  property  poffeffed  by  the  metallic  oxides  and  feve¬ 
ral  earths  of  neutralizing  the  acids  unequally,  is  not  the  only 
caufe  of  the  decompofitions  which  I  have  detailed,  it  is  at  leafi 
one  of  the  principal.  , 

The  affinity  for  We  may  alfo  conclude  from  the  fame  experiments,  that  the 
metals  which  have  a  great  or  a  weak  affinity  for  oxigen,  do 
not  enjoy  any  particular  property  with  refpeft  to  their  mutual 
precipitations;  for  we  fee  that  iron,  in  a  ftate  of  great  oxida¬ 
tion,  is  precipitated  by  a  number  of  oxides  which  it  precipi¬ 
tates  when  it  is  lefs  fo ;  and,  that  there  are  feveral  oxides 
which  contain  lefs  oxigen  than  that  of  zinc,  which  precipitate 
the  latter,  while  there  are  others  which  are  precipitated  by  it. 
The  affinity  of  the  different  metals  for  oxigen  is  therefore 
rejetted  as  the  caufe  of  the  mutual  precipitations  of  their 
oxides ;  but  can  the  greater  or  lefs  oxidation  of  the  fame  metal 
©ecafion  a  variation  in  the  affinity  of  the  oxide  for  the  acids  ? 
This  opinion  has  been  promulgated  by  Cit.  Berthollet  in  his 
The  ftateof  the  Chemical  Statics  *,  and  he  has  grounded  it  upon  feveral  fatts, 
•xidatioa  infiu-  -n  which  the  me(a|  by  lofing  a  little  of  its  oxigen  by  any 

nity  of  the  ox-  means  whatever,  forms  another  fait  with  lefs  acid.  This  hap- 
ides  for  the  pens  to  the  oxigenated  muriate  of  mercury*  which,  by  expo- 
fure  to  light,  or  by  being  brought  info  contact  with  iron,  i» 
changed  into  white  muriate  by  abandoning  fome  of  its  acid. 
Although  thefe,  and  other  fimilar  facts,  are  capable  of  a  dif¬ 
ferent  interpretation,  other  confederations,  which  I  fhall  omit 
here,  becaufe  they  would  lead  me  too  far,  induce  me  to  par¬ 
ticipate  in  the  opinion  of  Citizen  Berthollet ;  but  I  do  not  be- 

*  A  tranflation  of  which  will  be  publifhed  by  Mawman,  in  the 
Poultry,  about  the  middle  of  the  prefent  month. 
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iieve  that  this  caufe  can  have  much  effect,  it  being  ffrongly 
countera<5t^i  by  the  acidity  which  almoff  all  the  metallic  folu- 
tions  poflefs,  and  by  the  infolubility  of  the  oxides.  Thus, 
although  it  appears  to  me  that  iron,  when  little  oxided,  has 
more  affinity  for  muriatic  acid  than  when  it  is  greatly  oxided, 

I  fhould  rather  attribute  the  precipitation  of  the  latter  by  the 
former  to  the  great  excels  of  acid  which  its  (olution  requires, 
than  to  its  weaker  affinity,  » 

.Neither,  for  the  fame  reafons,  do  I  believe  that  the  affinity  but  is  not  the 
of  the  different  oxides  for  the  acids,  an  affinity  which  I  mea-  mutua/p^cipi- 
fure,  with  Cit.  Berthollet,  by  the  capacities  for  faturation, tations. 
can  be  conftdered  as  the  caufe  of  their  mutual  precipitations, 

Befides,  there  is  one  confideration  of  fome  importance  which  Influence  of  the 
ffiould  be  taken  into  the  explanation  of  the  mutual  precipita- reUmec* 
tions  of  the  oxides;  it  is  that,  in  a  cafe  where  the  precipita¬ 
tion  of  a  metallic  folution  is  produced  by  means  of  an  alkali, 
the  precipitate  retains  fome  of  the  acid  which  can  favour  its 
folution  ;  fo  that  an  oxide  which  could  retain  much  of  the 
acid,  would  diffolve  more  readily  than  that  which  could  only 
retain  lefs.  It  muff  really  be  fo  with  iron,  which,  when  it  is 
precipitated  from  a  green  folution,  retains  much  more  acid  than 
when  it  is  precipitated  from  a  red  folution,  and  which  diffiolves 
much  better  in  the  acids  in  the  firft  cafe  than  in  the  fecond. 

This  more  ready  folution  cannot,  however,  be  confidered  as 
a  caufe  of  the  mutual  precipitations  of  the  metallic  oxides  ; 
it  may  be  very  favourable  to  them,  but  cannot  determine  them. 

In  fa 61,  we  fee  that  the  oxide  of  copper,  which  retains  much 
acid,  is  neverthelefs  precipitated  by  oxide  of  filver,  which 
does  not  fenfibly  retain  any,  when  they  are  precipitated  from 
their  nitric  folutions  by  potafn. 

CONCLUSION. 

THE  metallic  oxides  are  mutually  precipitated  from  their  General  infer- 
folutions.  Several  caufes  may  contribute  to  this;  but  among 
the  number  of  the  principal  muff  be  placed  the  property  which 
they  have  of  neutralizing  the  acids  unequally. 

This  property  has  furnifhed  us  with  the  means,  1 ft,  Of 
freeing  a  green  folution  of  iron  from  the  red  oxide  which  it 
may  contain ;  2d,  Of  feparating  the  fulpbate  of  zinc  and  that 
of  copper  from  the  iron  which  is  always  found  in  them  ;  3d, 

Of  having  a  green  fulphato  of  iron  free  from  copper;  4 th.  Of 

f  £  readily 
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readily  feparating  the  copper  from  a  folution  of  filver.  It  is 
ealy  to  accumulate  thefe  applications  by  extending  them  to  a 
greater  number  of  fubflances.  Thus,  the  oxides  of  cobalt  and 
nickel  do  not  neutralize  the  acids  equally;  that  of  the  two 
which  neutralizes  it  moll,  will  be  able  to  precipitate  the  other, 
and  remain  alone  in  the  folution.  Thus,  alio,  tince  glucine 
neutralizes  the  acids  much  better  than  highly  oxided  iron,  it 
will  be  eafy  to  feparate  this  metal  from  its  folutions,  by  firft 
oxidaiing  it  ftrongly,  and  afterwards  precipitating  one  part  of 
the  folution,  to  employ  it,  after  being  well  wafhed,  to  pre¬ 
cipitate  the  iron  of  the  other  part. 

The  greater  or  lets  affinity  of  the  metals  for  oxigen  does  not 
give  them  any  particular  property  with  refpeft  to  the  mutual 
precipitation  of  their  oxides. 

Oxidation  produces  a  variation  in  the  affinity,  or  the  capacity 
for  faturation  of  the  oxides  for  the  acids;  neverthelefs,  the 
refults  are  only  fenfible  inafmuch  as  they  produce  a  change  in 
the  neutralization,  and  in  this  cafe  they  may  be  attributed  to 
the  latter  caufe. 

The  affinity  of  the  oxides  for  the  acids  may  indeed  con¬ 
tribute  to  their  mutual  precipitations,  but  its  effe&s  are  very 
limited. 

It  appears,  therefore,  in  general,  that,  all  circumflances 
remaining  otherwise  the  fame,  the  fubftances  which  neu¬ 
tralize  the  acids  bell,  may  precipitate  the  others  from  their 
folutions. 

I  repeat  in  concluding,  that  it  is  only  on  the  fa6ts  which  I 
have  related  that  I  have  eftablifhed  my  reafoning,  and  that 
it  was  not  my  obje6t  in  this  note  to  fpeak  of  the  precipitations 
by  the  metals,  nor  of  thofe  which  are  owing  to  the  reciprocal 
action  of  the  oxides,  or  to  that  of  the  latter  and  the  alkalis.  • 
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IX. 

A  Report  of  the  Slate  of  his  Mojcfly’s  Flock  of  Fine  Wooled 
Spanijh  Sheep,  for  the  year  ending  Michaelmas ,  ]  803.  By 
the  Right  Honourable  Sir  Joseph  Banks,  Bart.  P.  R.  S. 

&c.  & c.  From  the printed  Copy  communicated  by  the  Author  * 

nr 

JL  HE  wether  Iambs  of  the  lad  year  having  been  fold  in  their  State  of  hlsMa- 
wool,  and  the  rams  wool  retained,  in  order  that  two  years  growth  fheep 

might  be  prepared  for  fale  together,  his  Majedy's  Spanitli  flock  June  i8oz. 
confided,  when  thorn  in  June  1802,  of  ninety-fix  ewes  only; 
the  fleeces  of  thefe,  after  having  been  wathed  on  the  (beeps' 
backs  as  utual,  weighed  as  follows; 

In  wool,  as  thorn  from  the  tlieep  -  -  352  lbs, 

JLofs  in  fcowering  -  96 

Amount  of  fcowered  wool  -  -  -  256 

This  wool,  when  forted,  produced  as  follows : 

Prime  wool,  or  R.  221  lbs.  at  5s.  9 d.  £,63  10  9 

Choice  locks,  or  F,  32  -  3  6  5  12  0 

Fribs,  or  T.  -  3 - 19  -  0  5  3 

£.69  8  0 

After  deducing  the  expence  of  forting  and  fcowering,  at 
the  high  rate  which  an  individual  who  is  not  a  manufacturer 
mutt  pay  for  thefe  proceffes,  this  wool  is  worth  about  5/.  a 
tod,  or  43/.  5s.  a  pack,  as  clipped  from  the  theeps’  back. 

The  prime  wool  was  purchafed  by  John  Maitland,  Efq.  Sale  of  the 
member  of  parliament  for  Chippenham,  whofe  mercantile wool> 
houfe,  edablitlied  for  more  than  a  century,  has  always  dealt 
largely  in  the  importation  of  Spanitli  wool,  and  who  from  the 
firft  introduction  of  Merino  (beep  into  this  country  by  the  King 
in  the  year  of  1787,  has  uniformly  given  (he  mod  liberal  and 
zealous  aid  to  the  promotion  of  his  Majedy’s  patriotic  views, 
though  doubtful  in  the  beginning  of  the  ultimate  fuccefs  pf  the 

*  For  the  original  project  of  this  important  undertaking  and  it3 
fubfequent  progiefs,  fee  the  former  reports  by  the  fame  Right  Hon. 

Gentleman,  inferted  in  our  Journal,  quarto,  vol.  IV.  p.  289,  and 
p&avo,  vol,  V .  p.  65. 

V  a  '  f  •  * 
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inanufaftured 
Into  cloth  j 


tot  which  famples 
may  be  feen. 


The  wool  has 
improved. 


Improvement  of 
the  carcafe  of 
Merino  fheep, 
by  Mr.  To'let, 
without  da¬ 
maging  the 
wool. 


It  was  made  into  cloth  by  Mr,  F'dridge,  a  manufacturer  of 
Chippenham,  whofe  fk ill  and  refpectability  in  his  line  is  ex¬ 
ceeded  by  no  man.  He  infpeCted  its  quality  with  the  mod 
minute  exaCtnefs,  and  with  an  eye  more  inclined  to  expert 
fymptoms  of  degeneration  than  of  improvement,  during  the 
whole  of  the  numerous  proceffes  to  which  wool  is  fubjeCted  in 
the  making  of  broad  cloth,  and  he  found  that  in  every  one  of 
them  it  anfwered  to  his  complete  fatisfaCtion. 

The  cloth  made  from  this  wool  proved  fo  excellent  in  its  kind, 
that  the  King  was  gracioufly  pleafed,  at  the  defire  of  Mr. 
Maitland  and  Mr.  Edridge,  to  permit  thefe  gentlemen  to 
explain,  in  his  Majedy’s  prefence,  its  qualities  and  pecu¬ 
liarities. 

Samples  of  this  cloth  may  now'  be  feen  in  Mr.  Maitland’s 
warehoufe  in  Bafinghall-fireet ;  and  it  will  be  found,  in  con- 
verfing  with  Mr.  Maitland  and  his  partners,  that  in  their  opi¬ 
nion  the  R.’s  of  his  Majedy’s  wool,  confidered  as  a  pile,  are 
inferior  to  but  few  of  the  bed  of  thofe  imported  from  Spain, 
though  it  is  probable  that  no  pile  in  Spain  throws  out  fo  fmall 
a  proportion  of  F.s  and  T.s.  From  this  opinion  it  may  fairly 
be  deduced,  that  his  Majefly’s  wrool  has  improved  fince  the 
fheep  w^ere  imported  from  Spain;  indeed  there  is  every  reafon 
to  believe  that  it  is  ftill  improving,  and  will  in  a  very  few  years 
equal  if  not  excel  the  very  bed  piles  that  have  hitherto  been 
imported  into  this  kingdom. 

Mr.  Toilet,  a  gentleman  of  Gloucederfhire,  who  has  pur- 
chafed  Merino  flieep  both  from  the  King  and  from  Lord 
Somerville,  has  been  very  fuccefsful  in  improving  the  carcafe 
without  damaging  the  wool  ;  he  poflefies  a  ram,  bred  from  a 
ram  and  a  ewe  both  purchased  from  the  royal  flock  in  1801  ; 
which,  when  clipped  in  June  lad,  yielded  11  lbs.  12  oz.  of 
unw'adied  wool.  The  carcafe  of  this  flieep  w>as  then  efiimated 
by  good  judges  at  16  lbs.  a  quarter,  and  it  wras  admitted  to  be 
a  handfome  flieep. 

For  this  animal  Mr.  Toilet  has  refufed  an  offer  of  200  gui¬ 
neas,  or  of  100  for  the  next  feafon’s  ufe  of  him  ;  he  alfo  re¬ 
fufed  30 guineas  each  for  the  fire  and  the  dam,  though  old  and 
infirm,  being  unwilling  topart  w  ith  animals  which  had  belonged 
to  the  royal  flock  ;  he  however  fold  their  ram  lamb  of  the  lad 
year  for  30  guineas,  and  thus  made  fome  progrefs  in  ascer¬ 
taining  the  value  of  this  important  breed, 
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Thefe  fads,  which  prove  an  amelioration  in  the  King’s  Confirmation  by 
Merino  (beep,  are  fully  confirmed  by  the  improved  ttiape  and  mentofhisMa- 
weight  of  his  Majefty’s  Oieerling  rams  of  the  prefent  year, jefty’s  flock, 
and  give  a  juftifiable  hope,  that  by  a  due  feleCtion  ot  rams  and 
ew  es,  and  a  correCt  judgment  in  matching  them,  Merino  (beep 
will  in  time  be  produced,  with  carcafes  perfectly  ladiionable, 
and  wool  as  perfectly  fine. 

No  purchafer  having  been  lad  year  found  for  the  lambs  wool  Lamb  $  woo!, 
at  a  price  adequate  to  its  value,  it  was  made  into  light  ladies 
cloth,  which  proves  excellent,  and  promifes  to  be  a  valuable 
article.  A  fpeculation,  however,  has  offered  for  manu¬ 
facturing  the  lambs  wool  into  fuperfine  woolen  hole,  which 
feems  likely  to  yield  a  dill  better  price  for  the  raw  article  than 
the  cloth. 

The  demand  for  his  Majeffy’s  Merino  flieep  increafes  at  The  demand 
prefent  beyond  all  calculation.  The  ben  informed  clothiers  in  proves  chat  thele 
Gloucederfhire,  enlightened  no  doubt  by  the  ufeful  labours  fads  are  well 
of  the  Bath  Society,  and  the  valuable  experiment  of  Dr.  Parry,  eftablllhed  > 
as  well  as  by  the  Do&or’s,  and  by  Lord  Somerville’s  publications, 
are  among  the  moft  anxious  applicants  to  purchafe.  The  Bath 
Agricultural  Society,  whole  attention  has  been  mod  particularly 
directed  to  the  improvement  of  Englidi  wool,  humbly  requeded 
the  King  to  give  them  a  Spanifii  ram,  which  requed  his  Ma- 
jedy  mod  gracioufly  complied  with  lad  Autumn,  and  they  re¬ 
turned  thanks  in  the  warmed  terms  of  relpeCiful  gratitude  and 
fatisfaCiion. 

As  fpeculation  on  the  value  of  Spanifii  dieep  is  evidently  and  render  It 
on  the  increafe,  and  a  reafonable  probability  now  appears  that 
bis  Majedy’s  patriotic  exertions  in  introducing  the  breed,  will  diftributed  by 
at  lad  be  duly  appreciated  and  properly  underdood,  it  would 
be  palpably  unjuft  fhould  the  views  of  thofe  who  vvifh  to  derive 
a  fair  advantage  from  the  fale  of  the  progeny  of  Spanifti  dieep 
purchafed  by  them  from  the  royal  flock,  be  in  future  impeded 
by  a  continuation  of  the  fale  of  the  King’s  flieep  at  prices  below  < 
their  real  value. 

This  circumdance having  been  dated  to  the  King,  his  Majedy 
was  gracioufly  plea  fed  to  permit  the  rams  and  ewes  that  are  to 
be  parted  with  from  the  royal  Merino  flock  this  year,  to  be  fold 
by  auCfion,  in  the  fame  manner  as  is  done  at  Woburn  by  his 
grace  the  Duke  of  Bedford,  and  at  I folkham  by  Mr.  Coke, 
on  the  prefumption  of  this  being  the  mod  likely  manner  of 
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placing  the  bed  individuals  of  their  improved  breeds  in  the 
hands  of  perfons  mod  likely  to  preferve,  and  further  to  improve 
them. 

JOSEPH  BANKS. 

Augujl  17,  1803. 


POSTSCRIPT. 

Poftfcript.  AS  the  publication  of  this  report  has  been  delayed  by  un¬ 

avoidable  circumdances  to  fo  late  a  period,  it  is  proper  to  add, 
that  the  wools  of  1803  have  yielded,  both  raw  and  fcowered, 
much  as  ufual.  The  prime  or  R.  of  the  ewe  flock,  were  fold 
for  6  s.  9d.  a  pound,  and  that  of  the  Rams  for  6s.  6d.  Thefe 
enormous  prices,  however,  depended  on  a  fcarcity  of  imported 
Spanifli  wool,  and  are  highly  diftrefling  to  the  manufacturer: 
they  ought  not,  therefore,  to  be  allowed  to  enter  into  the  fpe- 
culation  of  the  grower. 

Notice  of  fale  of  The  flieep  that  can  be  fpared  from  the  royal  flock  will  be  fold 
can  be  /pared!  ^y  auction  this  year  at  a  barn  oppotite  the  Pagoda  in  Kew-lane, 
on  the  15th  of  Augud  next.  Notice  of  the  particulars  will  be 
given  as  foon  as  poffible. 

July  10,  1804. 
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On  the  Oxides  of  Lead.  By  Thomas  Thomson,  M.  D„ 

Communicated  by  the  Author. 

Great  import-  Perhaps  there  is  no  practical  branch  of  chemical  invedi- 

^yfis  of  metallic”  8a^on  more  importance  than  the  analyfis  of  the  metallic 

oxides :  oxides.  Almoft  every  thing  relating  to  the  metalline  paints 

and  falls  depends  upo»  it ;  and  it  involves,  either  dire&Iy  or 
indiredly,  mod  of  the  intereding  quedions  in  the  theoretical 
department  of  chemidry. 

firfl  applied  with  Bergman  and  Scheele  were,  I  believe,  the  firfl  perfons  who 

effea  by  Berg-  applied  chemical  analyfis,  in  the  modern  fenfe  of  the  phrafe. 

man  and  ...  r  t  .  p  t  * 

Scheele.  to  the  metallic  oxides.  Notwithdanding  the  difficulties  with 

which  thefe  illuflrious  chemids  had  to  druggie,  their  experi¬ 
ments  were  made  with  fo  much  care  and  fagacity,  that  they 
dill  furnilh  us  with  the  bed  data  for  afeertaining  the  compofi- 
tion  of  feveral  of  thefe  bodies.  No  modern  chemid  has  la¬ 
boured 
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Loured  fo  fuccefsfully  in  this  department  as  Mr.  Proud.  To  Analytes  of 
him  we  are  indebted  for  the  analyfis  of  the  oxides  of  zinc, 
von,  tin,  copper,  antimony,  and  arfenic.  His  diflertations 
are  all  damped  with  the  charadier  of  originality,  and  difplay 
fo  much  tkiil  and  candour,  that  they  never  fail  to  command 
the  confidence  of  the  reader.  If  he  fonietim.es  puflies  his  con- 
fequences  a  little  too  far,  he  more  than  compenfates  for  this 
iby  the  originality  of  his  views,  and  the  new  light  which  he 
throws  upon  every  fubjedt  that  he  difcutfes. 

I  intend  at  prelent  to  offer  fome  obfervations  on  the  oxides  Sukje&  of  this 
of  lead,  a  fubjedl  more  than  once  flightly  touched  upon  by  oxides* of  lead 
Proud,  but  never  fully  difeuffied  by  him.  I  trud  the  difficulty 
of  the  fubjedl  will  plead  my  excufe,  if  I  ffiall  be  unfortunate 
enough  to  fall  into  midakes. 

We  are  acquainted  with  three  oxides  of  lead  Efficiently  Three  diftin<$ 
didindt  from  each  other.  The  fird  is  of  a  yellow  colour,  and0*^?’  yellow* 
forms  the  bafe  of  almoft  all  the  falts  of  lead;  the  fecond  is  a  two  others, 
paint  well  known  by  the  i\ame  of  red  lead;  the  third  a  brown 
powder  difeovered  by  Scheele,  and  examined  more  lately  by 
Prouft  and  Vauquelin.  Befides  thefe  three,  a  fourth  has  been 
announced  by  Proud ;  and  litharge  has  been  confidered  by 
fome  as  condituting  a  fifth.  Let  us  examine  thefe  oxides. 

I.  Yellozu  Oxide. 

The  yellow  pigment  called  majjicot  confids  efTentially  of  this  Yellow  oxide  of 
oxide  ;  but  the  eafied  method  of  forming  if,  is  to  diffolve  lead  Iead* 
in  nitric  acid.  Pure  lead  dilfolves  completely  in  that  acid ; 
but  the  lead  of  commerce  ufually  leaves  a  fmall  quantity  of 
grey  powder,  which  confids  for  the  mod  part  of  oxide  of 
antimony,  fometimes  mixed  with  a  little  dlica.  When  the 
folution  is  concentrated  by  evaporation,  we  obtain  crydals  of 
nitrate  oflead,  a  fait  too  well  known  to  require  any  particular 
defeription. 

1.  When  the  crydals  of  nitrate  of  lead  thus  obtained  by  Nitrate  of  lead, 
evaporation,  and  well  dried  upon  blotting-paper,  are  expofed  acid  iovr 
to  a  temperature  of  about  300°,  they  lofe,  at  an  average, 

three  per  cent,  of  their  weight.  This  lofs  is  not  to  be  aferibed 
to  the  efcape  of  mere  water,  for  the  fumes  fmell  drongly  of 
pitric  acid. 

2.  When  -69  grains  of  lead  are  diffiolved  in  nitric  acid,  and  —  lead  contain. 
the  folution  evaporated  to  drynefs,  the  nitrate  of  lead,  after ed  ther&in,» 

beinjr 
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being  dried  at  t lie  temperature  of  300°,  weighs  ]  12  grains. 
Hence  100  grains  of  lead  yield  162}  grains  ot  nitrate  of  lead. 
From  this  we  learn  that  100  parts  of  nitrate  ol  lead  con  lift  ot 

61*-  lead, 

'  38y  foreign  bodies. 

too. 

3.  When  112  grains  of  nitrate  of  lead  (dried  at  300°)  are 
diffolved  in  water  and  mixed  with  a  folution  of  carbonate  of 
potalli,  a  copious  white  powder  precipitates,  which  is  a  car- 
bonate  of  lead.  Bergman  thewed  long  ago,  that  the  white 
lea^  of  commerce  is  precifely  the  fame  with  this  carbonate. 
When  wathed,  colledted  on  a  filter,  and  dried  at  300°,  it 
weighs  90  grains.  This  thews  us  that  69  grains  of  lead  yield 
90  grains  of  carbonate:  of courfe,  100  grains  of  lead  would 
yield  130f  grains  of/carbonate.  From  this  experiment  we 
learn,  that  1Q€)  parts  of  precipitated  carbonate  of  lead  are 
compofed  of 

7 6-|  lead, 

23-}  foreign  bodies. 

100. 

4.  When  90  grains  of  precipitated  carbonate  of  lead  are  ex- 
pofed  in  a  retort  to  a  heat  gradually  raifed  to  rednefs,  the 

ixide  lead  +  acid  and  water  which  they  contain  are  driven  otf,  and  a  yellow 
*  oxigeu:  coloured  oxide  remains  behind.  This  oxide  weighs  77  grains, 

and  contains,  of  courfe,  69  grains  of  lead.  Hence  it  follows, 
that  the  yellow  oxide  of  lead  is  compofed  of  69  lead  -f-  8  oxU 
gen,  or  per  cent,  of 

89.7  lead, 

10.3  oxigen. 

100. 

—  very  fufible.  It  well  known  that  the  oxides  of  lead  very  eafily  melt  and 
run  into  glafs.  This  happens  in  the  preceding  experiment, 
unlefs  particular  care  be  taken.  In  that  cafe  thi  lead  a6ts  with 
great  energy  upon  the  retort;  but  the  lofs  of  weight  is  the 
fame,  unlefs  the  heat  has  been  a  great  deal  too  high.  When 
the  oxide  is  fufed  in  an  earthen  vefiel,  it  covers  the  furface 
with  a  yellow  glafs,  as  in  the  coarfefi  kinds  of  pottery.  In 
that  cafe  fome  of  the  oxide  may  be  diftipated,  unlefs  the  pro¬ 
per 


Carbonate  of 
lead  :  white 
lead. 


Carbonate  of 
lead  by  heat 
leavrs  vellow 
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per  precautions  are  taken.  It  deferves  attention,  that  when  Singular  fadi, 

carbonate  of  lead  is  flowly  heated  in  a  glafs  retort  till  it  begins 

to  melt,  the  melted  portion  has  a  fine  yellow  colour,  while 

the  colour  of  what  remains  in  the  date  of  a  powder  is  a  dirty 

pale  brick-red;  whereas  in  a  platinum  crucible  Ike  melted 

portion  is  red  and  the  unmelled  yellow. 

5.  From  the  preceding  experiments  it  follows,  that  the  Coiredted  ele- 

yellow  oxide  of  lead  contains  10.3  per  cent,  of  oxigen.  Mr.  mems  of  the 
J  ,  0  carbonate. 

Proud  has  deduced  nine  per  cent .  as  the  proportion  of  oxigen, 

from  his  experiments.  This  refult  does  not  differ  much  from 

mine.  If  I  have  committed  an  error,  the  oxigen  I  think  is 

rated  too  high;  for  the  lead  which  I  ufed  contained  l£  per 

cent,  of  antimony,  the  oxides  of  which  have  much  more  oxigen 

than  the  yellow  oxide  of  lead.  Perhaps  we  (ball  come  nearer 

the  truth  by  taking  the  mean  of  the  two  refults :  we  may 

therefore  confider  the  yellow  oxide  of  lead  as  compofed  of 

90-  lead, 

9\  oxigen. 


100. 


6.  The  preceding  experiments  enable  us  to  Pate  the  condi-  Comp.  parts  nb 

tuents  of  nitrate  of  lead  as  follows:  »  trate  of  lead, 

&c* 


I.  Nitrate  dried  on  Blotting- 
Paper, 

66  yellow  oxide, 

34  acid  and  water. 

100 


2.  Nitrate  dried  at  300^ . 

68.5  yellow  oxide, 

3 1.5  acid  and  water. 


100.0 


They  give  us  alfo  the  precipitated  carbonate  of  lead,  dried 
at  300°,  as  follows : 

86  yellow  oxide, 

14  acid  and  water. 


100. 


The  native  carbonate  of  lead  contains  about  1 6  per  cent,  of 
carbonic  acid.  Precipitated  carbonate  then  either  contains 
lefs  acid  than  native,  or  it  lofes  a  part  at  a  low  heat.  It  is 
well  known  that  carbonates,  w-hen  in  crydals,  frequently  con¬ 
tain  more  acid  than  when  in  the  date  of  powders. 

7.  Yellow  oxide  of  lead  is  a  powder  of  a  lively  yellow  colour,  Chara&ers  and 

tadelefs,  infoluble  in  water,  but  foluble  in  fixed  alkalies  and  haJ>ltu,Jes  of  the 
*  yellow  oxide. 

acids. 
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acids.  The  alkaline  folutions  have  a  yellow  tinge  ;  but  the 
acids  are  mod  frequently  tolourlefs.  It  readily  melts  when 
heated,  and  forms  a  yellow,  femitranlparent,  brittle,  hardglals* 
It  does  not  lofe  oxigen  gas  when  heated.  In  violent  heats  a 
portion  of  the  oxide  is  diffipated.  When  kept  heated  in  the 
open  air,  irs  furface  becomes  brick-red.  W  hen  mixed  with 
metallic  lead  it  runs,  according  to  Proud,  into  a  green  glaze. 
Yellow  oxide  by  g.  The  yellow  oxide  may  be  obtained  directly  from  the  nitrate 
dKnkrltefr0m  ^y  expofing  that  fait  to  a  fufficient  heat ;  but  the  lo(s 

of  weight  fudained  is  ufually  greater  than  it  ought  to  be.  I 
fufpeCt  that  this  is  one  reafon  why  Proud  found  fo  (mall  a 
proportion  of  oxigen  in  yellow  oxide.  One  hundred  grains 
of  nitrate  of  lead  (obtained  by  evaporation)  were  put  into  a 
fmall  Wedgewood  crucible  furnifhed  with  a  lid,  and  enclofed 
in  a  common  earthen-ware  crucible.  They  were  expofed  for 
half  an  hour  to  an  intenfe  red  heat  in  a  w'ind-furnace.  The 
fait  wras  converted  into  a  very  hard,  yellow,  brittle  glafs, 
nearly  opake :  It  had  fudained  a  lofs  of  40  per  cent,  or  about 
fix  per  cent .  more  than  it  ought  to  have  loft.  On  breaking  this 
glafs  to  pieces  the  reafon  of  this  became  obvious  :  It  contained 
a  great  number  of  globules  of  lead  reduced  to  the  metallic 
flate,  fome  of  them  of  confiderable  fize.  From  this  experi¬ 
ment  we  learn,  that  lead  is  reducible  direCtly  from  the  nitrate 
merely  by  the  application  of  heat,  without  adding  any  com- 
Audible  matter. 

II.  Suppofed  firft  Oxide. 

Afhes  of  lead,  When  lead  is  kept  melted  in  the  open  air,  it  is  foon  covered 
•r  fuppofed  firft  a  coloured  powder,  formerly  called  the  ajhes  of 

ydlowoxide  and  lead.  When  this  powder  is  heated  diffidently,  it  melts  intog, 
greenidi  yellow  glafs,  in  which  globules  of  lead  may  be  de¬ 
tected.  Mr.  Proud  has  (hewn,  that  thefe  a(hes  are  a  mixture 
of  the  yellow  oxide  of  lead  with  lead  in  the  metallic  date. 
They  do  not,  therefore,  conditute  a  peculiar  oxide. 

Neither  is  the  white  oxide  of  the  French  chemids  entitled  to 
a  place  among  the  oxides  of  lead  ;  being  in  all  cafes  nothing 
more  than  the  yellow  oxide  combined  with  an  acid,  ufually 
the  carbonic. 

But  Mr.  Proud,  in  his  obfervations  on  the  Connoi fiances  Cii- 
miques  of  Fourcroy,  has  mentioned  the  method  of  forming  an 
oxide  of  lead  containing  lefs  oxigen  than  the  yellow.  When 

lead 


pjetallic  lead. 


Prouft's  oxide 
by  boiling  lead 

in  the  nitrate. 
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lead  is  boiled  in  a  folution  of  nitrate  of  lead,  the  liquid  gradually 
atluraes  a  yellow  colour,  and,  on  cooling,  depofits  crydals  rn 
fcales.  Thefe  crydals,  according  to  Proud,  contain  the  oxide 
in  quedion  :  But  his  concludons,  as  far  as  appears,  were 
formed  from  the  tingle  experiment  related.  He  does  not  feem 
to  have  decompofed  the  fait,  nor  to  have  examined  its  bafe. 

1.  When  100  grains  of  nitrate  of  lead  are  dilfolved  in  water,  The  experiment, 
and  boiled  in  a  phial  with  a  cylinder  of  lead  (weighing  64f 

grains),  the  metal  foon  lofes  its  brilliancy  and  is  covered  with  a 
white  cruft,  while  the  liquid  atfumes  a  yellow  colour.  The 
boiling  was  continued  (water  being  added  as  fad  as  it  evapo¬ 
rated)  till  the  liquid  feemed  to  exert  no  farther  a£iion  on  the 
lead.  The  cylinder  being  then  taken  out  and  weighed,  was 
found  to  have  lod  44  grains.  From  this  we  learn,  that  100 
grains  of  nitrate  of  lead  didolved  in  water,  are  capable  of 
uniting  with  44  grains  of  lead,  or  almod  half  their  weight. 

The  whole,  however,  was  not  didolved.  A  bluidi-grey  pow¬ 
der  fell  to  the  bottom,  and  increafed  in  quantity  as  the  cylinder 
diminithed.  If  thefe  44  grains  were  oxidized  at  the  expence 
of  the  yellow  oxide  of  the  nitrate,  we  diould  have  a  new  oxide 
containing  much  lefs  oxigen  ;  and  it  would  be  ealy  to  affign 
the  proportion  of  its  conftituents  ;  for  100  grains  of  nitrate 
contain  66  grains  of  yellow  oxide,  compofed  of  5 9\  lead  and 
6|  oxigen  :  Therefore  the  new  oxide  contains  5 9f  -}-  44  lead 
and  6 1  oxigen,  or,  per  cent . 

94.3  lead, 

5.7  oxigen. 

100.0 

But  it  is  extremely  unlikely  that  the  44  grains  of  lead  diould 
receive  the  whole  of  the  oxigen  necedary  to  enable  them  to 
didblve  from  the  oxide,  while  an  excels  of  nitric  acid  is  pre-, 
fent  in  the  folution.  Let  us  therefore  examine  the  new'  fait. 

2.  When  the  folution  cools,  it  depofits  thin  fcaly  cryflals  ofDepofition  of 

a  light  vellow  colour:  They  have  the  fame  fweet  adringent ^cal,y  cr7ftaIs  hy 

O  ,  ;  1  r  r  i  Li  •  .  T r  ,  coohnS»  a"d 

talte  as  common  nitrate,  but  are  lels  loluble  in  wrater.  It  thefmall  needles  by 

yellow  liquid  which  remains  be  farther  concentrated,  it  depo-evaP*  White 
fits,  on  cooling,  fmall  needles  of  a  pale  yellow  colour,  not  nate^by^cold^0" 
unlike/ugar  of  lead.  Their  tade  is  fweet  and  adringent ;  they  water, 
are  not  altered  by  expofure  to  the  air.  When  thrown  into 
cold  water  they  fall  to  the  bottom,  the  .liquid  gradually  be¬ 
comes 
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The  fait  depo- 
fited  in  the  boil¬ 
ing,  contained 
yellow  oxide  and 
an  under  propor 
cion  of  acid  3 


aa  a'.fo  the  cry f- 
t*ls  do. 


comes  milky,  and  depofits  a  white  powder.  This  powder 
does  not  dilappear,  though  the  folution  be  heated  boiling  hot; 
but  the  liquid  acquires  the  property  of  diffolving  an  additional 
quantity  of  the  (alt,  without  depofiting  any  more  white  pow¬ 
der.  Boiling  water  diffolves  the  fait  without  any  fimilar  de- 
polition.  Hence  I  think  we  may  conclude,  that  the  white 
powder  is  owing  to  the  prefence  ot  fome  carbonic  acid  in  the 
cold  water,  and  that  our  lalt  in  this  re(pe£t  relembles  acetate 
of  lead. 

3.  When  30  grains  of  the  fait  depofited  during  the  boiling 
of  the  lead  in  the  nitrate,  were  cautioufly  heated  to  rednefs, 
they  melted  into  a  yellow  mafs,  which  weighed  24.5  grain*. 
The  lofs  of  5.5  grains  mud  be  afcribed  to  acid  and  water. 
Hence  this  fait  is  compofed  of 

81.5  oxide, 

18.5  acid  and  water. 

100.0 

Thefe  24.5  grains  of  oxide  being  diiToIved  in  nitric  acid, 
yielded  35  grains  of  common  nitrate  of  lead  (dried  at  300°). 
Tut  35  grains  of  nitrate  contain  24  grains  of  yellow  oxide, 
which  fcarcely  differs  from  the  quantity  diffolved.  From  this 
experiment  itfeems  to  follow,  that  the  fait  in  queftion  contains 
only  yellow  oxide,  and  that  it  differs  from  common  nitrate  in 
containing  a  (mailer  proportion  of  acid.  But  it  will  be  faid, 
perhaps,  that  the  oxide  of  the  fait  abforbed  oxigen  from  the 
nitric  acid  during  the  application  of  the  heat,  and  was  thereby 
oxidized  up  to  the  ftate  of  yellow  oxide. 

4.  Twenty-three  grains  of  the  needle-form  cryflals  were 
diffolved  in  water  and  decompofed  by  carbonate  of  potato. 
The  carbonate  had  the  common  appearance,  and,  when  dried 
in  300t>,  weighed  24  grains.  But  24  grains  of  common  car¬ 
bonate  contain  about  21 1  of  oxide,  and  ought  therefore,  when 
ditfolved  in  nitric  acid,  to  yield  about  3 if  grains  of  common 
nitrate  of  lead  (dried  at  300°);  and,  upon  trial,  I  found  this 
to  be  the  cafe  very  nearly.  The  oxide  in  the  needle-form 
crydals  then  is  the  yellow  ;  for  there  is  no  apparent  courfe  from 
which,  in  the  above  experiment,  oxigen  could  be  drawn.  And 
if  this  be  the  cafe  with  the  needles,  it  mud  be  fo  alfo  with  the 
fcaly  crydalsj  for  the  two  falts  are  obvioufly  the  fame. 

5.  Sixty- 
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5.  Sixty-three  grains  of  the  fait,  partly  in  fcales  and  partly  The  oxide  of 
in  needles,  were  fufed  with  carbonate  of  potafh  in  a  Wedge-  notd^fferent'5 
wood  crucible.  By  folution  and  filtration  a  flefh-coloii red  from  the  yellow, 
powder  was  obtained,  which  was  a  mixture  of  oxide  of  lead 

and  filica.  It  weighed  53  grains  ;  but  a  portion  which  I  could 
not  eftimate  adhered  to  the  crucible.  The  filica  was  obviouflv 
abraded  from  that  vefiel.  Thirty  grains  of  this  powder  di- 
gelled  in  nitric  acid,  left  3f  grains  of  filica;  of  courfe,  26'-* 
tvere  difi'olved.  The  folution  yielded  39j  grains  of  nitrate  of 
lead.  Now  39f  of  nitrate  contain  27  grains  of  yellow  oxide, 
or  almoll  the  very  quantity  difi'olved.  The  oxide, obtained  by 
this  experiment,  then,  was  the  yellow  ;  of  courfe,  it  coincides 
fcxadfly  with  the  preceding  ores. 

ProufPs  fait,  then,  does  not  appear  to  contain  a  different 
©xide  from  common  nitrate;  but  its  new  properties  were 
owing  to  the  different  proportion  of  its  acid.  It  is  completely 
neutralized,  whereas  common  nitrate  contains  an  excefs  of 
acid,  and  is,  in  fa6f,  a  fuper-nitrate.  But  if  this  conclufion 
be  well  founded,  Prouft’s  nitrate  may  be  formed  by  expofing 
common  nitrate  to  a  heat  fufficient  to  expel  the  excefs  of 
acid.  It  was  requifite  to  verify  this  prefumption  by  experi¬ 
ment. 

** 

6 .  One  hundred  grains  of  nitrate  of  lead  (dried  in  300p)  prou^«s  fajc 
were  expofed  to  a  graduated  heat  in  a  flafk.  Fumes  of  nitrous  n3ade  by  ab- 
acid  feparated  in  abundance,  and  the  fait  loft  five  per  cent,  ftca^of  adding* 
of  its  weight.  On  increafing  the  temperature  the  fait  melted  ^ad. 

into  a  tranfparent  glafs  of  a  very  pale  yellow  colour.  The 
weight  of  the  mafs  was  now  reduced  to  85  grains.  Hence  it 
was  compofed  of  68.5  oxide  and  16.5  acid,  or,  per  cent .  of 

80  oxide, 

20  acid. 


100. 

On  pouring  water  into  the  fialk  and  digefting,  I  obtained  a 
yellow  folution  fimilar  to  that  formed  by  boiling  lead  in  nitrate 
of  lead,  but  not  fo  deep.  A  yellow  powder  refufed  to  dif- 
folve ;  it  confifted  chiefly  of  the  portion  of  fait  at  the  bottom 
of  the  fialk,  which  had  been  expofed  to  a  higher  temperature. 
It  was  taftelefs,  and  not  unlike  fub-muriate  of  lead.  When 
heated  to  rednefs  it  melted  into  a  yellow  glafs,  and  loft  14  per 
cent.  It  was  therefore  compofed  of 
2 


86 
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86  oxide, 

14*  acid  and  water; 

100. 

The  folution  being  evaporated,  depofited  two  fets  of  cryf- 
tals ;  one  fet  confiding  of  common  nitrate  of  lead,  another  let 
refembling  tbofe  obfained  by  Proud. 

Three  nitrates  of  7.  From  the  preceding  details  we  learn,  that  there  are  three 

lead;  viz.  neu-  fpecies  of  nitrated  lead:  The  drd  is  a  fuper-nitrate,  or 

tral,  and  with  r  .  .  . 

excefs  or  with  contains  an  excels  of  acid;  the  iecond  is  neutral;  the  third 

defed  ot  acid,  eontains  an  excefs  of  bafe,  and  is,  of  courfe,  a  fub-nitrate. 

The  drd  fpecies  includes  the  common  nitrate  of  chemifts  in  all 
its  varieties ;  the  fecond,  the  nitrate  of  Proud;  the  third,  the 
yellow  powder  obtained  by  heating  common  nitrate  diffi¬ 
dently. 

III.  Broxai  Oxide . 

Brown  oxide;  Though  this  oxide  contains  a  maximum  of  oxigen,  I  beg 
kft  when  mini-  |eave  to  introduce  it  here,  becaule  the  knowledge  of  its  com- 
irTnitric  acid,  pofition  is  necetlary  to  enable  us  to  analyfe  the  red  oor/deoflead. 
&c.  It  was  difeovered  by  Scheele,  and  deferibed  by  him  in  his 

differtation  on  rnanganefe.  When  diluted  nitric  acid  is  poured 
upon  red  lead,  the  greater  part  of  the  oxide  is  diflblved,  but 
a  brown  powder  remains  behind,  which  is  not  adted  upon  by 
the  acid.  This  brown  powder  is  the  brown  oxide  of  lead. 
Proud  difeovered  that  it  may  be  formed  alfo  by  caufing  a  cur¬ 
rent  of  oxi-muriatic  acid  gas  to  pafs  through  red  lead  fuf- 
pended  in  water.  » 

Its  habitudes ;  1.  This  oxide  is  a  tadelefs  powder,  of  a  flea-brown  colour, 

and  very  fine  and  light.  It  is  not  acted  on  by  lulphuric  nor 
nitric  acid.  To  muriatic  it  gives  out  oxigen,  and  converts  it 
into  oxi-muriatic  acid.  Oxi-muriatic  acid  diflblves  it,  and 
forms  two  falts,  muriate  and  hyper-oxi-muriate  of  lead.  The 
vegetable  acids  reduce  it  to  the  date  of  yellow  oxide.  Four- 
croy,  on  the  authority  of  Vauquelin,  affirms,  that  fulphur  takes 
fire  when  triturated  with  brown  oxide  of  lead.  With  me  the 
experiment  did  not  fucceed :  I  fufpect,  therefore,  that  the 
oxide  ufed  by  Vauquelin  contained  a  portion  of  hyper-oxi- 
muriate  of  lead  mixed  with  it. 

contains  one-  ,2.  When  100  grains  of  this  oxide,  prepared  from  red  lead 

tenth  more  oxi-  |_,y  njtric  acid,  are  expofed  to  a  red  heat,  they  lofe  nine  grains 
gen  than  yellow  J  1  J  6 
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of  their  weight,  and  are  converted  into  yellow  oxide:  Thefe oxide;  eafily 
nine  grains  are  oxigen  gas.  Hence  brown  oxide  is  compofed  d lien£a2ed* 
of  91  yellow  oxide  and  9  oxigen.  But  91  of  yellow  oxide 
contain  9.4  of  oxigen.  Therefore  100  parts  of  brown  oxide 
are  compofed  of 

81.6  lead, 

18.4  oxigen. 

"  * 

100.  ' 

3.  Air.  Proud,  from  his  experiments,  dates  the  proportion 
of  oxigen  in  this  oxide  at  21  per  cent .  If  we  take  the  mean 
of  the  two  refults,  we  obtain  19.7.  We  may,  therefore,  lay 
down  20  per  cent,  as  the  proportion  of  oxigen  in  brown  oxide 
of  lead  :  This  cannot  deviate  far  from  the  truth. 

► 

IV.  Red,  Oxide . 

Red  lead  being  one  of  the  mod  common  of  pigment,  is  un- Red  lead  j 
known,  I  prefume,  to  no  perfon.  The  method  of  manufac¬ 
turing  it  has  been  deferibed  by  Dr.  Watfon  in  his  Chemical 
Ejjaya,  by  Jars  in  the  Memoires  of  the  French  Academy  for 
17/0,  and  by  Ferber  in  his  Mineralogy  of  Derby  (hire. 

1.  It  is  a  tadelefs  powder,  very  heavy,  and  of  an  intenfeits  characters  $ 
red  colour,  often  inclining  to  orange.  I  have  never  met  with 

any  fpecimens  of  it  abfolutely  pure,  but  not  unfrequently  the 
foreign  bodies  do  not  exceed  one  or  two  per  cent.  They 
confid  of  feven  grains  of  fand  and  oxide  of  antimony.  Dr. 

Watfon  found  traces  of  diver  in  it.  It  lofes  no  fendble  weight 
in  a  heat  of  400  °. 

2.  When  50  grains  of  red  lead  are  digeded  in  diluted  nitric  contains  88  lead 
acid,  they  leave  12  grains  of  brown  oxide.  The  folution  eva-  +  Iz  0X1Seili 
porated  to  drynefs,  yields  56  grains  of  nitrate  of  lead.  Now, 

56  grains  of  nitrate  contain  38.36  grains  of  yellow  oxide. 

Red  lead,  therefore,  is  compofed  of  38.36  yellow  oxide  and 
12  brown  oxide,  or,  per  cent,  of 

76.72  yellow  oxide, 

24.00  brown  oxide. 

100  72 

The  excefs  mud  be  aferibed  to  the  imperfe&ion  of  our  me¬ 
thods.  I  dial!  omit  it  in  the  calculation:  Not  that  red  lead 
Vol.  VIII. — August,  1804.  U  is 
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is  a  mixture  of  yellow  and  brown  oxides,  but  that  it  contains 
all  the  lead  and  oxigen  in  the  above  proportions  ot  thefe 
bodies.  Now 

76  grains  yellow  oxide  is  compofed  of  68.8+  7.2 
grains  brown  oxide  of  -  19.2+  4.8 


Therefore  red  lead  is  compofed  of  -  88.  +12.  =100. 


not  eafily  <3e-  3.  It  is  well  known  that  red  lead  gives  out  oxigen  gas  when 

mere°hcatby  heated,  and  that  it  approaches  to  the  ftate  of  yellow  oxide. 

The  lofs  of  weight  ought  to  give  us  the  portion  of  oxigen 
which  it  contains  more  than  is  neeeflary  to  conftitute  it  yellow 
oxide:  But,  upon  trial,  I  could  obtain  no  fatisfa&ory  relults 
this  way.  In  one  experiment  100  grains  of  red  lead  loft  4f- 
per  cent,  in  another  feven  per  cent.  The  experiments  were 
made  in  fmall  covered  earthen-ware  crucibles.  The  oxide 
was  melted  into  a  dark-brown  tranfparent  glafs,  not  unlike 
glafs  of  antimony,  but  much  harder.  On  breaking  this  giafs, 
I  found  in  it  globules  of  lead  reduced  to  the  metallic  ftate : 
This  accounts  in  part  for  the  lofs  of  weight,  and  (hews  us  alfo, 
contrary  to  the  opinion  of  chemifts,  that  the  red  oxide  of  lead 
is  reducible,  *at  leaft  in  part,  by  mere  heat.  In  all  probability 
nothing  prevents  the  complete  reduction  but  the  readinefs  with 
which  it  unites  with  the  veflel  in  which  the  experiment  is  made. 
I  twice  varied  the  experiment,  by  enclofing  the  fmall  earthen 
crucibles  containing  the  red  lead  in  a  crucible  of  platinum  ; 
but  in  neither  cafe  did  I  obtain  any  vifible  metallic  globules; 
yet  the  lofs  of  weight  was  the  tame.  This  renders  it  probable 
that  a  portion  of  lead  had  been  reduced  and  afterwards  diftufed 
through  the  oxide. 


Not  foluble  as  4.  The  red  oxide  of  lead  does  not  feem  capable  of  com- 

*td  ’cad m  acids,  lining  with  acids.  Many  acids  indeed  a6t  upon  it,  but  they 
nor  in  alkalis,  °  r  J 

always  begin  by  reducing  it  to  the  ftate  of  yellow  oxide.  The 

(ixed  alkalies  do  not  alter  its  colour,  but  they  gradually  dilTolve 

it.  From  this  folution  it  is  thrown  down  always  in  the  ftate  of 

yellow  oxide  :  Hence  it  mull  lofe  oxigen  during  the  folution. 


V.  Litharge . 

Though  litharge  is  very  far  from  being  the  fame  with  red 
lead,  yet,  as  the  mode  of  preparation  is  analogous,  a  few  re¬ 
marks  on  it  may  not  be  improper  in  this  place. 


Litharge 
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Litharge  confifts  of  fcales,  partly  of  a  golden  yellow  colour  Litharge 
and  partly  red:  They  potfefs  a  certain  degree  of  elafticity. 

The  method  of  making  litharge  has  been  defcribed  by  Dr. 

Watfon,  by  Gmelin,  and  by  other  chemical  writers. 

1.  When  100  grains  of  litharge  are  expofed  to  a  red  heat,  contains  casbo- 
they  melt  into  a  yellow  glaze,  and  lofe,  at  an  average,  four"'^ 
grains  of  their  weight.  When  50  grains  of  pounded  litharge 

are  thrown  into  nitric  acid,  they  diftolve  with  effervescence, 
and  lofe  two  grains  of  their  weight.  The  effervefcence  and 
lofs  of  weight  are  owing  to  the  efcape  of  carbonic  acid  gas. 

From  this  we  may  conclude,  that  litharge  contains  four  per 
cent,  of  carbonic  acid. 

2.  When  50  grains  of  litharge  were  diffolved  in  nifric  acid,  and  antimony  s 
and  the  folution  evaporated  to  drynefs  and  re-diifolved  in 

water,  if  grains  of  a  grey  powder  remained  behind  in  my 
trials,  which  proved  to  be  oxide  of  antimony.  Therefore, 
litharge  contains  three  per  cent .  of  oxide  of  antimony. 

3.  The  folution  evaporated  to  drynefs,  gave  68.5  grains  of  Comp,  parts  in- 
nitrate  of  lead  ;  but  this  nitrate  contains  46.72  grains  of  yellow  veft'Sated  « 
oxide  of  lead.  Of  courfe,  we  have  litharge  compofed  of 

93.44  yellow  oxide  of  lead, 

3.00  oxide  of  antimony, 

4.00  carbonic  acid. 

100.44 

The  fmall  excefs  muff  be  aferibed  to  unavoidable  errors  in  the 
analyfis. 

4.  Fifty  grains  of  litharge  diffolved  in  nitric  acid,  deprived 
of  its  oxide  of  antimony,  and  then  thrown  down  by  carbonate 
of  potafh,  gave  52f  grains  of  carbonate  of  lead.  Hence  97 
grains  of  litharge  (fuppofing  the  antimony  a  foreign  body) 
would  have  given  105  grains  of  carbonate.  But  97  grains  of 
litharge  contain  nearly  four  of  carbonic  acid.  Hence  we  have 
the  carbonate  formed  of  93  oxide  and  12  acidt 

In  this  experiment  the  carbonate  produced  was  too  fmall  by 
about  a  grain.  This  was  partly  owing  to  the  lofs  of  a  fmall 
quantity  of  the  powder  while  feparating  it  from  the  filtre.  As 
I  could  not  eft i mate  the  lofs,  I  left  it  out  in  the  calculation, 
and  ftated  the  amount  precifely  as  I  found  it. 

From  th<?  preceding  experiments  it  follows,  that  litharge  is  a  \t  \s  a  futcarte* 
fub-caibonate  of  lead,  tince  it  confifts  eflentially  of  about  96nate5 

U  2  yellow 
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96  yellow  oxide, 

4  carbonic  acid. 

100. 

Probably  it  varies  fomewhat  in  the  proportion  of  its  conHifn* 
enls,  according  to  circumftances  :  But  all  my  trials  were  made 
on  one  parcel  of  litharge.  I  have  obferved  traces  of  carbonic 
acid  alfo  occalionally  in  red  lead,  but  too  little  to  atieti  its 
weight. 

VI.  Conclu fions. 

From  the  preceding  experiments  and  obfervations  we  are 
entitled,  I  think,  to  draw  the  following  conclufions: 

1.  Three  oxides  of  lead  only  are  at  prefent  known.  The 
conftituents  of  thefe  oxides  may  be  feen  in  the  following  table: 


Oxides. 

Colour. 

Confituents. 

i 

Lead.  j  Oxigen. 

Protoxide.  Yellow. 

90.5  j  9.5 

-Deutoxide.  j  Red. 

88  j  12 

Peroxide. 

Brown. 

80  |  20 

Lead ,  fOxigcn. 

100  -j-  10.6  zz  110.6  protoxide. 

100  -f-  13.6  ~  113,6  deutoxide. 

100  -f-  25.  ~  125.  peroxide. 

2.  The  afties  of  lead  are  a  mixture  of  protoxide  and  lead 
in  powder. 

3.  White  lead  and  litharge  are  combinations  of  protoxide 
with  carbonic  acid  :  the  firft  is  a  carbonate,  the  fecond  a  iub- 
carbonate  of  lead. 

*  As  colour  is  a  very  ambiguous  criterion  for  diftinguilbing  me¬ 
tallic  oxides,  I  have  been  accuftomed  for  fome  time  to  denote  the 
oxide  with  a  minimum  of  oxigen  by  prefixing  the  Greek  ordinal 
number  to  the  term  oxide  :  Thus,  protoxide  of  lead  is  lead  united  to 
a  minimum  of  oxigen.  The  oxide  with  a  maximum  of  oxigen  I 
call  peroxide :  Thus,  brown  oxide  of  lead  is  the  peroxide  of  lead.  I 
denominate  the  intermediate  degrees  of  oxidizement  by  prefixing  the 
Greek  ordinals  2d,  3d,  4th,  &c.  Thus,  deutoxide  is  the  fecond 
oxide  of  lead,  tritoxide  of  cobalt,  the  third  oxide  of  cobalt,  and  fo  on. 

2  4.  The 
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4.  The  vellow  nitrate  of  Proud  contains  the  fame  oxide  as 

J 

common  nitrate.  But  in  it  there  is  no  excefs  of  acid;  whereas 
common  nitrate  is  in  fad.  a  fupernilrate  ot  lead.  In  a  ftrong 
heat  it  is  partly  converted  into  a  f'ub nitrate . 

5.  Protoxide  of  lead  unites  with  all  acids,  deutoxide  vvi  th 
none,  and  peroxide  only  with  hyperox)  muriatic  acid. 

6.  The  protoxide  of  lead  may  be  formed  by  combudion; 
but  the  other  two  cannot,  and  indeed  lofe  oxygen  in  a  drong 
heat.  The  deutoxide  is  formed  by  keeping  protoxide  in  con¬ 
tact  of  air  at  a  given  temperature:  the  peroxide  by  the  action 
of  nitric  or  oxymuriatic  acid  on  the  deutoxide. 


XI. 

•  r  /  • 

On  certain  Chemical  Effects  of  Light.  In  a  Letter  from  Wm, 

Hyde  Wollaston,  M.D.  F.  R .  S. 

To  Mr.  NICHOLSON. 

*  SIR, 

H.AD  I  forefeen  the  publication  of  Mr.  Ritter’s  '  Expert.  Introdufllon  .n 
ments  on  Light ’  in  the  lad  number  ot  your  Journal,*  1  would  that  have che- 
have  requeued  you  to  accompany  them  with  a  few  obfervations  mical  effedts. 
of  mine  on  the  fame  fubjed  ;  not  with  a  view  of  claiming  any 
priority  in  the  obfervation  of  thofe  invifible  rays,  that  have 
chemical  efFeds,  which  I  believe  occurred  to  Mr.  Ritter  and 
myfelf  very  nearly  at  the  lame  time;  but  for  the  purpole  of 
inferting  a  caution  againd  the  theory  implied  by  the  term  “  dif* 
oxidating”  as  applied  to  thofe  rays. 

In  my  note  upon  a  communication  to  the  Royal  Society The  power  of 
which  you  did  me  the  honour  to  reprint  in  the  4th  V ol.  ot  your  termed  chemlcai 
Journal,  +  I  was  careful  to  exprefs  the  power  exerted  by  the  by  Dr.  W.  and 
mod  refrangible  rays  on  muriate  ot  diver,  in  general  terms  as  becaufTth^do 
chemical,  not  merely  from  a  doubt  whether  they  would  in  other  not  conftandy 
cafes  produce  a  correfponding  effed,  but  becaufe  I  had  at  that  <hfoxidate. 
time  made  the  following  experiments,  which  proved  that  the 
fame  raysr  which  caufe  the  emiffion  of  oxygen  by  muriate  of 
diver,  occafion  its  abforption  by  the  refin  ufually  called  gum 
guaiacum. 

*  Page  214.  J  Phil.  Tranf.  1802,  p-  079.  X  8vo.  feries.p.  99. 

My 
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My  reafons  for  withholding  thefe  experiments  at  that  time 
were,  that  they  appeared  fomewhat  irrelevant  to  the  primary 
fubjeCt  under  difcuflion,  and  that  I  was  alfo  in  hopes  of  in- 
creafing  tlieir  value  by  additional  trials  on  other  fubftances. 
Whether  the  Upon  confidering  the  power  which  thefe  rays  potfefs  of  ex- 
folar  rays^tei  d  to  pe]|jng  oxygen  from  the  muriate  of  filver,  I  thought  it  not  im- 
— no? proved?  ’  poffible,  that  there  might  be  more  truth  than  I  had  been  ac- 
cu domed  to  fuppofe,  in  the  popular  obfervation  that  the  fun 
has  a  tendency  to  extinguifh  fire,  as  the  fame  rays  might  re¬ 
tard  combudion  by  oppofing  the  abforption  of  oxygen.  Ac¬ 
cordingly  I  made  various  experiments  on  different  fuhftances  in 
a  date  of  flow  combudion,  but  without  any  apparent  con¬ 
firmation  of  that  hypothefis. 

I  alfo  tried  the  action  of  light  on  feveral  vegetable  blue  co¬ 
lours,  which  are  known  to  be  affeCled  by  union  with  oxygen, 
and  upon  the  fame  colours  previoufly  reddened;  but  on  thefe 
alfo  I  did  not  fucceed  in  producing  any  effect  at  either  bound¬ 
ary  of  the  prifmatic  fpe&rum. 

After  failure  of  thefe  endeavours,  I  had  recourfe  to  guaia- 
cum,  which  I  had  long  known  to  acquire  a  green  colour  by 
expofure  to  light;  but  that  the  prefence  of  air  is  alto  requifite 
for  this  purpofe  I  had  ascertained  in  the  following  manner. 

Two  plates  of  glafs  were  heated  with  a  fmall  piece  of  guaia- 
outair3^  "  th"cum  interpofed,  and  thereby  cemented  together  in  their  cen¬ 
ters  for  a  circular  fpace  about  ]|  inch  diameter.  In  this  date 
they  were  expofed  lor  feveral  weeks  during  dimmer  to  the  fun, 
without  the  fmalleft  apparent  alteration  in  the  colour  of  the 
guaiacum. 

—-but  when  the  The  plates  were  then  forcibly  feparaled;  and  as  they  were 

air  had  accefb ;  both  fimilarly  coated  with  a  poition  of  the  refin  adhering  to 

their  furfaces,  one  of  them  was  preferved  for  comparifon  in  a 

dark  place,  where  it  had  free  accefs  of  air  alone,  while  the 

other  was  again  expofed  uncovered  to  the  mid-day  fun. 

—it  was  afrcft-  The  latter  was  in  five  minutes  perceptibly  rendered  green, 

ed  in  five  mi-  an(j  jn  a  few  hours  had  acquired  the  full  colour,  which  it  feemed 
notes  by  the  ,  c  ,  .  .  .  r  . 

noon-day  fun.  capable  ol  receiving;  but  the  former,  in  the  courfe  of  many 
months  that  it  was  kept  confined  from  the  light,  feemed  not  to 
havfe  been  difcernibly  altered. 

The  pnfmatic  Since  by  later  experiments  it  appeared  probable,  that  the 

fpedtrum  was  f  '  r  *  .  . 

too  weak  to thow  whole  of  (lie  lun  s  rays  were  not  active  in  this  procefs,  with  a 

whether  all  the  view  to  determine  on  what  part  of  them  the  efFeCl  might  de- 
Tays  were  effedt-  ° 

ive  or  the  con-  peild, 

trary. 


Light  or  folar 
rays  did  not  af- 
fedt  vegetable 
blues ; — 


Trial  of  guaia¬ 
cum. 


No  change  by 
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pend,  I  diffolved  fome  guaiaeum  in  alcohol,  and  after  having 
wafhed  a  card  with  the  tin6lure,  I  expofed  it  for  fome  time  to 
different  parts  of  the  common  prilmatic  fpeftrum,  but  with¬ 
out  producing  any  apparent  change.  It  therefore  became  ne- 
ceftary  to  have  recourfe  to  other  expedients  for  increafing  the 
power  of  the  fpe&rum. 

Over  the  furface  of  a  lens  7  inches  in  diameter,  was  parted  A  broad  convex 
a  circular  piece  of  paper  having  its  radius  ^  of  an  inch  lefs  ceo”sereed  a!j  but 
than  that  of  the  lens.  I  had  confequently  remaining  uncovered  a  narrow  exte- 
a  prifmatic  annulus,  correfponding  in  the  length  of  its  circum- 
fere  nee  to  a  prifm  22  inches  long,  fo  arranged  by  its  circular  cording  to  the 
form  that  any  one  of  the  colours  might  at  pleafure  be  brought  to 
a  focus,  or  the  fpe£trum  might  be  received  as  a  ring  of  any  di-colour>  or  8n  an 
ameter  required,  by  mere  variation  of  the  dirtance  of  the  lens,  annular  fpec- 
At  fhort  diftances  the  exterior  margin  of  the  fpecti  um  of  courfe 
was  red,  and  the  violet  within.  The  focus  of  brighteft  illu¬ 
mination  was  at  24^  ;  at  greater  diftances  the  fpedrum  again 
became  an  annulus  with  its  colours  in  an  oppofile  order  to  the 
preceding,  having  the  violet  on  the  exterior  margin. 

With  this  apparatus  the  effeft  produced  on  muriate  of  ft  Iver  Muriate  of  filver 
is  much  accelerated.  At  diftances  fhort  of  22  j  inches  a  ring  bythefe 

is  produced ;  at  22f  a  circular  dark  coloured  fpot;  and  at  concentrated 
about  23  inches  appears  to  be  the  focus  of  thefe  rays,  as  therays^ 
fpot  is  then  fmalleft ;  at  23  j  it  is  larger,  at  24|  it  again  be¬ 
comes  a  ring  fhaded  to  the  center ;  and  at  24f,  (unlcfs  the 
paper  has  been  wetted,)  the  center  remains  compleatly  white 
though  ftrongly  illuminated.  I  have  not  however  been  able  in  but  not  reftored 
any  lituation  to  reftore  the  white  colour  to  muriate  of  filver, t0  w  ltcnc  s* 
after  it  has  once  been  tinged,  however  {lightly,  by  expofure  to 
the  molt  refrangible  rays. 

The  experiments  on  guaiaeum  neverthelefs  will  prove  dif- 
tinctly,  that  the  povyers  of  the  two  extremities  of  the  ipe£trum  ways% 
are  not  only  different,  but  oppofite  in  their  chemical  effedts. 

A  fufficient  quantity  of  paper  having  been  tinged  with  the 
folution  of  guaiaeum,  was  cut  into  fmall  pieces,  fome  of  which 
were  expofed  to  the  fun-fhine  till  rendered  compleatly  green; 
the  reft  were  kept  confined  from  the  light  till  taken  out  for 


each  experiment. 

The  firft  endeavour  was  to  afeertain  the;  focal  dirtance  of  At  a  fhort  focal 
thofe  rays  which  gave  the  deepeft  colour  in  a  given  time;  and  d0f““ 

-t  was  found  to  be  about  23  inches  diftant  from  the  lens.  At  frangible)  the 

fliortcr  deePeft  fee" 

■  was  produced 


«>D6 
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At  a  medium 
focus  no  effect 
was  produced  j 


At  a  longer  focal 
diftance  (namely 

of  ravs  leaft  re- 

* 

frangible)  the 
original  yellow 
was  redored. 


In  carbonic  acid 
gas  the  difoxida- 
tion,  but  not  the 
oxidation  was 
pra&icable. 


The  removal  of 
colour  (ordif- 
oxidation)  was 
alio  effected  by 
beat  from  a  piece 
of  metal. 


fliorter  didances  the  furface  coloured  was  larger,  but  in  the 
fame  time  paler.  At  22f  a  green  ring  was  formed,  having  its 
center  without  colour. 

When  the  guaiacum  was  expofed  at  didances  greater  than 
23  or  23-;,  the  furface  coloured  was  alfo  larger,  but  much 
paler  than  at  equal  didances  fliort  of  the  focus;  infomuch  that 
at  21^,  which  correfponds  with  the  principal  focus  of  illumi¬ 
nation,  little  or  no  cffie<5l  was  produced  in  the  fpace  of  one 
minute,  which  was  the  lime  employed  in  other  experiments. 
It  was  manifed  therefore,  that  the  chemical  effedt  of  the  mod 
refrangible  rays  (which  were  now  diverging  beyond  their  focus) 
was  in  this  fituation  counteracted  by  an  oppofite  action  equally 
powerful,  of  .the  mod  refrangible  (not  yet  arrived  at  their  fo¬ 
cus;)  and  as  it  appeared  probable  that  the  power,  which  could 
in  one  indance  prevent  difcoloration,  might  alfo,  when  duly 
applied,  remove  the  fame  colour  after  it  had  been  produced. 
I  next  expofed  to  thecondenfed  fpe&rum,  at  various  didances 
from  the  lens,  portions  of  the  paper  that  had  been  previoufly 
rendered  uniformly  green.  A  fecond  focus  was  now  found  at 
the  didance  nearly  of  25|,  in  which  the  green  colour  was 
compleatly  removed,  and  the  guaiacum  redored  to  its  pale  yel¬ 
low  colour. 

It  is  unneceflary  to  defcribe  minutely  (he  confequences  re- 
fulling  from  variations  of  the  diftance,  as  the  effects  in  this 
indance  were  neceflarily  the  counterpart  to  the  preceding; 
the  circle  of  yellow'  was  larger,  when  the  paper  was  placed  at 
a  greater  didance  from  the  lens,  and  at  the  didance  of  25- the 
center  remained  green,  furrounded  by  a  yellow  ring,  corref- 
ponding  nearly  to  the  red  and  orange  interior  margin  of  the 
annular  prifmatic  fpectrum. 

The  fame  experiments  being  afterwards  repeated  in  car¬ 
bonic  acid  gas,  only  confirmed  the  opinion  before  entertained, 
of  the  caufes  to  wdiich  the  changes  of  colour  were  owing,  but 
afforded  little  additional  information.  In  this  gas  the  guaia¬ 
cum  could  not  be  rendered  green  at  any  didance  from  the  lens, 
but  was  fpeedily  redored  Irom  green  to  yellow  by  expofure  to 
the  focus  of  red  rays. 

Since  the  removal  of  colour  w’as  obferved  to  take  place  in 
the  fituation  of  the  principal  focus  of  heat,  it  feemed  definable 
to  afeertain  whether  the  prefence  of  light,  or  the  circumdance 
of  radiation  had  any  influence  in  promoting  this  efifeft.  A 

piece 
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piece  of  paper  was  therefore  dained  with  guaiacum  and  after 
being  rendered  green  by  expofurefor  a  fufficient  length  of  time 
to  light,  was  prefTed  on  its  poderior  furface  with  a  (liver  fpoon 
previoufly  heated  over  the  flame  of  a  candle  ;  and  the  green 
colour  was  thereby  as  effedually  removed,  as  in  the  focus  of 
folar  heat. 

The  lad  experiment  may  poffiblv  appear  to  have  been  un-  Radiant  folar 

necefTarv  ;  but  until  it  is  explained  why  the  heat,  that  accom-  heat  penetrate* * 

'  r  *  /  _  tranlparent 

panics  the  fun  s  rays,  penetrates  the  iubdance  or  tranlparent  bodies ;  culinary 

or  femi-tranfparent  bodies,  while  the  radiant  heat  fiom  a  fire  radiat*oadar«ciy 

has  lcarcely  power  to  enter  even  the  moil  tranfparent,  but 

principally  fcorches  the  furface,  arid  is  thence  (lowly  conducted 

into  the  interior  parts:  no  degree  of  caution  upon  a  fubjed  fo 

imperfedly  underdood,  fhould  be  deemed  fuperfluous. 

I  remain.  Sir,  &c. 

W.  WOLLASTON. 


XII; 

Jllufirations  of  Mr.  Dalton’s  Theory  of  the  Conjlitution  of  Mixed 
Gafes.  In  a  Letter  from  Mr.  Wm^  Henry,  of  Manchefer, 
to  Air.  Dalton.  Communicated  by  the  Writer,* 

•  To  Mr.  DALTON. 

Dear  Sir, 

In  the  fird  enunciation  of  a  new  theory,  it  is  not  unufual  Caufes  why  a 
that  home  links  are  omitted  in  the  chain  of  reafoning,  which  new  theory  may 
led  to  its  formation;  and  thus  the  dodrine  fails  of  that  ready  duL/con^aion" 
and  general  acceptance,  which  immediately  follows  its  more  and  adoption. 
didin61  development.  Such  an  omiilion  appears  to  me  to  have 
taken  place  in  your  Theory  of  the  Conilitution  of  Mixed 
Gafes;  for,  according  to  your  own  candid  confedion,  feveral 
perfons,  verfed  both  in  chemical  and  mechanical  fcience,  have 
declared  their  inability  fully  to  underdand  the  fcope  of  the  hy- 
pothefis,  and  confequently  to  judge  of  its  merits  or  defeds. 

In  the  difcudions  alfo,  which  took  place  in  this  Society,  on 
your  feveral  papers,  the  dodrine  was  oppofed  by  almod  every 
member  intereded  on  fuch  fubjeds,  and  by  no  one  more  dre- 

*  Read  before  the  Manchefter  Society. 

nuoufly 
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Di  ft  ingui  filing 
principle  of 
Dalton’s  theory, 


Since  gafes  are 


nuoufly  than  myfelf.  Subfequent  attention,  however,  to  the 
evidences  of  the  theory,  and  fill  more  the  refults  of  experi¬ 
ments  which  were  made  under  impreffions  very  unfavourable 
to  the  hypothecs,  have  fatisfied  me  that  the  oppofflion  to  it 
arofe chiefly  from  an  imperfect  comprehenfion  of  the  argument; 
and  that  your  theory  is  far  better  adapted  than  any  former  one, 
for  explaining  the  relation  of  mixed  gafes  to  each  other,  and 
efpecially  the  connexion  between  gafes  and  water. 

The  diftinguifhing  principle  of  your  dodirine  I  apprehend 
to  be,  that  mixed  gafes  neither  attract  nor  repel  each  other ,  and 
that  every  gas  is  as  a  vacuum  to  every  other  gas ,  It  is  not  my 
intention  to  recapitulate  your  proofs  of  this  pofition,  but  merely 
to  add  to  them  the  evidence  of  a  few  facts,  which  have  occur¬ 
red  to  me,  and  which  ftrongly  tend  to  eftablifh  the  fame  con- 
clufion. 

From  a  feries  of  experiments,  which  I  communicated  to 


held  in  water  tjle  Royai  Society,  and  which  appeared  in  their  TranfaCtions 
nicaily  in  quan- for  1803,  it  may,  I  think,  be  lately  inferred,  that  the  relation 
titles  as  the^  ^  gafes  water  is  altogether  a  mechanical  one;  for  the  quan¬ 
go  gafes  do  not  tit'y  abforbed  follows  exactly  the  ratio  of  the  preffure.  If  then 
prefs  each  other  can  se  Qievvn  that  a  gas,  abforbed  by  water,  is  not  retained 

prevent<e°fcape.  i’1  its  phee  by  an  atmofphere  of  any  other  gas,  we  fliall  be 
furnifhed  with  a  ffrong  preemption  that  different  gafes  do  not 
gravitate  on  each  other. 

It  is  well  known  that  water  may  be  charged  with  its  own 
bulk,  or  rather  more,  of  carbonic  acid  gas,  under  a  preffure 
of  30  inches  of  mercury.  The  gas,  thus  abforbed,  is  retained 
fo  long  as  the  water  is  preferved  from  contact  with  any  other 
gas;  but,  when  expofed  to  the  atmofphere,  the  carbonic  acid 
gas  rapidly  efcapes.  Now  this  effect  can  be  only  aferibed  to 
one  of  two  caufes,  iff,  the  affinity  of  carbonic  acid  for  atmof- 
pheric  air  may  furpafs  that  of  its  affinity  for  water;  or,  2dly, 
the  air  of  the  atmofphere  does  not  prefs  on  the  gas  in  the 
water,  which  is  therefore  placed  under  fimilar  circumftances, 
as  if  expofed  under  the  exhaufted  receiver  of  an  air-pump. 

Were  the  firff  explanation  the  true  one,  it  might  be  expected 
that  equal  quantities  of  various  gafes  would  detach  different 
quantities  of  carbonic  acid  from  like  volumes  of  impregnated 
water;  becaufe  the  affinilies  of  thefe  gafes,  as  in  all  other  cafes 
of  chemical  affinity,  differing  in  force,  would  occafion  their 
combining  with  different  quantities  of  carbonic  acid,  and  in  a 

certain 


Carbonic  acid 
quits  water  ex¬ 
pofed  to  the  at¬ 
mofphere. 


— becaufe  at¬ 
tracted,  or  elfe 
becaufe  not 
preffed  by  the 
atmofphere. 


Not  from  at¬ 
traction  ;  for 
atmofpheres  of 
different  gas 
caufe  no  differ¬ 
ence# 
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certain  order.  But  on  making  the  experiment,  with  all  the 

attention  I  could  beftow,  this  did  not  prove  to  be  the  fact : 

for  fimilar  meafures  of  impregnated  water  gave  up  equal  bulks 

of  carbonic  acid,  to  like  quantities  of  all  the  different  gales. 

The  reverie  of  this  fadl  alfo  occurred  tome  in  the  courfe  if  carbonic  acid 

of  a  feries  of  experiments,  to  which  I  have  already  referred;  be  ™‘xeci  Wlt^ 

viz.  that  the  admixture  of  common  air  with  carbonic  acid  gas  abforption  by 

diminifhes  confiderably  the  proportion  of  the  latter  gas  taken  water  is  govern- 
,  .  r  r  .  ed  by  the  den- 

up  by  water.  1  bus,  when  20  mealures  or  pure  carbonic  acid  flty  0f  the  car_ 

gas  are  agitated  with  10  of  water,  at  leaft  10  meafures  of  gas  honic  acid  and 

are  abforbed.  But  from  a  mixture  of  20  meafures  of  carbonic  0f  the”asj 

acid  with  10  of  common  air,  10  parts  of  water  take  only  6  of 

carbonic  acid.  That  chemical  affinity  between  the  mixed  gafes 

is  not  the  caufe  of  the  diminifhed  amount  of  abforption,  is 

perfectly  clear;  fince  it  is  indifferent,  as  to  the  effedt,  what 

gas  is  added,  and  the  proportion  alone  influences  the  refult. 

The  effect  is  therefore  to  be  afcribed  to  the  dirninilhed  denfity 

ot  the  fuperincumbent  carbonic  acid  by  mixture  with  another 

gas ;  and  the  preflure  of  gales  being  directly  as  their  denfity, 

and  the  quantity'  abforbed  by  water  being  as  the  preflure,  the 

abforbed  carbonic  acid  mull  neceffarily  quit  the  water.  This 

efcape  continues  till  the  carbonic  acid  above  the  water  has  a 

denlity  equal  to  that  in  the  water,  and  no  longer. 

Previoufly  to  my  acquiefcence  in  your  theory  of  mixed  Water  has  no 

gafes,  I  undertook  an  extenfive  feries  of  experiments,  with  a  attr^iliorfafto 

view  to  afcertain  the  order  of  affinities  of  gafes  for  water,  the  gafes. 

But,  alter  a  great  variety  of  trials,  made  with  all  the  accuracy 

in  my  power,  I  could  difcover  nothing  like  a  feries  of  elective 

attractions.  Each  gas,  it  was  found,  difplaced  every  other, 

and  reciprocally  wasdiflodged  by  them. 

It  may  be  urged  again!!  the  dodtrine  of  the  non-gravitation  The  flovver 

of  gafes  on  each  other,  that  from  water  impregnated  with  a  gas 

°  _  to  from  water  ex- 

carbonic  acid  gas,  and  expofed  to  the  atmofphere,  the  gas  pofed  to  the  at- 
ought,  on  this  principle,  to  efcape  as  rapidly  as  under  an  ex-  mo*Pbere  com- 

°  .  *  1  J  pared  With  & 

hauffed  receiver.  It  muft  be  remembered,  however,  that  the  vacuum  avifes 
efcaping  gas  conffitutes,  by  admixture  with  the  air  of  the  at_  fro™  dvAefs^ 
mofphere,  a  gas  of  diminifhed  denfity,  but  ffill  of  fuch  denlih,  0/rj,e  fiiper'in.?11 
as  to  retard  the  efcape  of  farther  portions.  All  that  the  air-  cumbent  gas, 
pump  effects  is  to  remove  thefe  as  faff  as  they  are  liberated. 

There  are  various  fadfs,  fatisfactorily  explained  on  this  doc-  Fa&s  explained 
trine,  which  arc  irreconcilable  to  any  former  hypothecs,  of  by  Dalton’s 
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CONSTITUTION  OP  MIXED  GASES. 


Light  and  heavy 
gales  mix  fpon- 
taneoufly. 


Sulphuret  takes 
oxigen  from  air 
not  agitated. 


Abforbable  gafes 
expel  the  laft 
portions  of  com¬ 
mon  air  from 
water. 


Beft  method  of 
impregnating 
water  with  a  gas. 


« 


thefe  I  fhall  men! ion  only  a  few ;  fince  the  theory  will  receive 
from  yourfelf  all  the  elucidation  that  its  eftablidiment  can  re¬ 
quire. 

1.  If  each  gas  be  a  vacuum  to  every  other,  a  heavier  gas 
fhould  afcend  into  a  lighter  one,  without  the  aid  of  agitation; 
and  on  the  contrary  a  lighter  one  fhould  defcend  into  a  heavier 
one.  That  this  is  actually  the  fa<5t,  and  under  circumliances 
very  unfavourable  to  their  mixture,  your  own  experiments 
have  fully  proved. 

2.  The  hypotbefis  explains  why  fulphuret  of  potafli  with¬ 
drawn  oxygen  from  the  air  without  agitation,  and  w’hcther 
placed  at  the  top  or  at  the  bottom  of  ajar;  for  it  a<5ts  as  if  the 
abforbed  gas  were  the  only  one  prefent  in  the  veffel. 

3.  It  explains  why  the  laft  portions  of  common  air  are  ex¬ 
pelled  from  water  by  carbonic  acid,  and  other  abforbable  gafes. 
For  thefe  gafes  a<5t  as  a  vacuum  to  the  air  contained  in  the 
water,  which  mud  therefore  necedarily  quit  its  place.  It 
folves  alfo  the  problem  how  to  expel  completely  any  gas  from 
water;  for  to  effect  this,  the  water  mud  fuccellively  be  agi¬ 
tated  with  portions  of  fome  other  gas  of  the  greated  attainable 
purity.  Thus  to  expel  atmofpherieal  air  entirely  from  water, 
it  may  be  agitated  with  pure  carbonic  acid  gas ;  but  as  the  li¬ 
berated  common  air  predes  on  that  remaining  in  the  water, 
according  to  the  proportion  it  bears  to  the  fuperincumbent  car¬ 
bonic  acid,  the  gas  thus  employed  mud  be  removed,  and  frefh 
and  pure  portions  ufed  in  fuccedion. 

4.  By  applying  the  fame  general  law,  we  are  taught  how  to 
effect  the  highed  attainable  impregnation  of  water  with  any 
gas.  There  could  be  no  difficulty  in  accomplifldng  this  obje<5l, 
if  the  gas  and  w'ater  were  both  abfolutely  uncontaminated  by 
admixture  with  other  gales;  but  when  pure  carbonic  acid  is 
agitated  with  water,  atmofpherieal  air  is  extricated,  which, 
mingling  with  the  carbonic  acid,  Ied’ens  its  denlity.  T«  ob¬ 
viate  this  difficulty  as  much  as  podible,  a  quantity  of  wrater,  to 
be  impregnated  fully  with  carbonic  acid,  fhould  be  agitated 
with  feveral  fuccedive  portions  of  the  pured  podible  gas.  The 
unabforbed  redduum  diould  alfo  be  very  large,  in  order  that 
the  carbonic  acid  may  bear  a  large  proportion  to  other  aeriform 
fubdances  accidentally  mixed  with  it. 

Thefe  are,  doubtlefs,  only  a  fewr  of  the  phenomena,  to  the 
explanation  of  which  your  theory  may  be  fuccefs fully  applied; 

and 
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and  I  confident!)1  expe6t  that  many  fads,  hitherto  referred  to 
chemical  principles,  will  be  brought,  in  confequence  of  your 
difcoveries,  within  the  pale  of  mechanical  philofophy.* 

I  am.  Dear  Sir, 

Your's  very 'truly, 

WILLIAM  HENRY. 

Manchejler,  June  20,  1  801. 


XIII. 

On  the  Difuppearance  of  Oxigen  and  Ilidrogen  over  Water,  at 
the  Heat  of  the  Atrnojphere .  By  T.  S.  T. 

To  Mr.  NICHOLSON. 

SIR, 

Some  months  ago,  I  read  in  your  excellent  Journal  an  ac¬ 
count  of  an  experiment,  which  tended  to  flievv  that  oxyge¬ 
nous  and  hydrogenous  gafes,  when  mixed  together,  and  al¬ 
lowed  to  remain  over  the  furface  of  water  for  a  long  time, 
fpontaneoufly  united  and  formed  water. 

Having  long  been  accuftomed  to  confider  a  temperature 
confiderably  higher  than  that  our  atmofphere  ever  attains,  ne- 
ceflary  to  this  union,  I  was  naturally  led  to  inveftigate  this 
phenomenon ;  and  for  that  purpofe  undertook  the  following 
experiments : 

I.  I  prepared  oxygen  gas  from  black  oxide  of  manganefe, 
by  means  of  concentrated  fulphuric  acid,  aided  by  heat,  and 
in  order  to  render  it  more  pure,  I  wafhed  it  well  with  milk  of 
Jime.  I  prepared  likewife  a  quantity  of  hydrogen  ga’s,  by 
pafllng  a  few  drops  of  water  through  a  gun-barrel,  filled  with 
iron  filings,  and  palled  through  the  body  of  a  fmall  furnace,  I 
introduced  nearly  equal  quantities  for  both  gafes  into  a  bell- 
glafsjar,  placed  o©  the  flielf  of  a  common  pneumatic  trough, 
which  flood  in  a  room  without  fire,  and  almoft  without  light. 
The  mixture  was  differed  to  remain  in  that  fituation  for  about 
five  months;  at  the  end  of  which  time,  the  volume  of  the 
gafes  had  diminifhed 

*  As  the  author  had  not  feen  Mr.  Dalton’s  letter,  publifhed  in  our 
laft  number,  at  the  time  when  thefe  illuftr -tions  were  written,  he  has 
mentioned  a  few  circumftances  contained  in  the  letter. 


Slow  abforption 
of  oxigen  and 
hidrogen  over 
water.  ^ 
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Slow  abforption 
of  oxigen  and 
hidrogen  over 

water. 
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2.  On  reading  the  account  above  alluded  to,  it  occurred  to 
me  that  it  was  poffible,  that  the  diminution  in  bulk,  might  have 
arifen  from  a  partial  abforption  of  one  or  of  both  gafes,  by  the 
water  of  the  trough.  In  order  to  afcertain  this,  I  introduced 
like  proportions  of  both  gafes,  into  a  jar,  placed  in  a  mercu¬ 
rial  trough,  which  was  in  the  fame  room  with  the  other;  and 
after  fuffering  this  experiment  to  continue  as  long  as  the  other, 
I  found  that  of  12  cubic  inches  of  both  gafes  introduced  into 
the  jar,  3f  had  difappeared;  but  I  could  fcarcely  perceive 
any  moifture  on  the  fides  of  the  jar,  owing  to  the  fmall  quan¬ 
tity  of  water  which  had  been  formed. 

The  decreafe  in  volume,  in  thefe  experiments,  could  not  be 
owing  to  any  condenfation  of  the  gafes,  by  the  coolnefs  of 
the  furrounding  air;  for  I  found  that  it  took  place  gradually; 
and  the  mixtures -were  made  in  the  beginning  of  January,  and 
flood  till  the  end  of  May;  confequently  there  fhould  have 
been  rather  an  increafe  than  a  decreafe  in  bulk,  if  the  tem¬ 
perature  of  the  air  was  the  caufe. 

The  refiduary  air  contained  in  the  jars,  ftill  confided  of  ox¬ 
ygen  and  hydrogen  gafes;  for  when  received  into  a  phial,  on 
the  application  of  a  lighted  taper,  a  fmart  explofion  took  place, 
and  the  fides  of  the  phial  grew'  dim.  On  adding  fulphuret  of 
lime  to  another  portion  of  the  refidue,  a  rapid  abforption  of 
the  oxygen  gas  took  place,  and  hydrogenous  gas  was  left  be¬ 
hind. 

From  thefe  fa6ts  we  may  fairly  conclude,  that  the  decreafe 
in  volume  was  owing  to  the  fpontaneous  combination  of  the 
two  gafes  to  form  water.* 

T.  S.  T. 

Orkney ,  June  20th,  1 804. 

*  It  deferves  to  be  confidered  whether  the  abforption  of  the 
purer  gafes  within,  and  the  efcape  at  the  furface  of  the  water  ex- 
pofed  to  the  atmofphere,  according  to  thedoftrine  explained  in  Mr. 
Henry’s  paper  (page  297  )  may  not  have  occafioned  the  deficiency. 

W.  N. 
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XIV. 

Letter  from  Dr.  P.  A.  Nemnich,  exprejfmg  Doubts  with  regard 
to  the  Death  of  the  celebrated  Humboldt. 


To  Mr.  NICHOLSON. 


SIR, 


\ 


Hamburgh,  June  29,  1804. 


OUR  Journal  of  Natural  Philofophy,  &c.  June  1,  1 804,  Inqujry  «on- 
page  72,  mentions  pofitively  the  death  of  Mr.  Humboldt,  delth^f^r. 
which,  as  we  had  here  in  Germany  no  other  advices,  I  imme-  Humboldt, 
diately  communicated  to  my  countrymen  through  the  channel 
of  our  newfpapers.  There  are  however  in  Germany,  as  well 
as  in  France,  many  doubts  about  the  validity  of  the  faid  notice, 
and  many  objections  made.  Having  quoted  your  Journal,  as 
above-mentioned,  I  thould  be  very  much  obliged  to  you  for  a 
more  circumftantial  and  pofitive  account  of  this  report  of  Mr. 

Humboldt’s  death,  with  the  day  of  his  deceafe,  and  the  way 
by  which  this  notice  reached  England,  &c.  which  as  foon  as  I 
have  received,  I  will  inftantly  make  public,  in  order  to  main¬ 
tain  that  credibility  your  valuable  Journal  deferves. 

I  am,  Sir, 

Your’s  mod  refpedlfully, 

P.  A.  NEMNICH, 

Licentiate. 


Extrait  du  Publicifte. 

Paris,  20  Juin,  1804. 

VOTRE  feuille  de  cejour  contient  a  Particle  de  Hambourg  Extrafl  from  the. 
la  nouvelle  de  la  mort  le  Mr.  de  Humboldt.  I!  m'eft  permis  Pubhcifte* 
d’en  rCwoquer  en  doute  Pauthenticitd,  et  de  ratfurer  les 
amis  des  fciences  et  de  Phumanite.  Je  fais  pofitivement  que 
Mr.  Guil.  de  Humboldt  a  Rome,  a  re$u  de  fon  frere  des  lettres 
datees  de  la  Havane  du  28  Mars,  dans  lefquelles  il  lui  mar- 
quoit  que  fous  12  jours  il  feroit  rendu  a  Charleftown  d’ou  il 
s’emburqueroit  de  fuite  pour  Ie  Havre,  et  qu’il  comptait  etre 
a  Paris  avant  la  fin  de  luin. — La  nouvelle  eft  done  plus  que 
douteufe  et  nous  pouvons  efperer,  que  le  fort  ne  fe  feroit  pas 
fait  un  jeu  crud  de  rendre  vain  le  devouement  fans  bornes  et 
les  nobles  efforts  de  P  illuftre  voyageur.  (Signe)  Mendelffohn. 

3  ■  ExtraH 
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Extras  from  the  Public  ijle. 

Paris ,  20th  June ,  ISO  l*. 

YOUR  number  of  this  day  contains  under  the  article  Ham¬ 
burgh,  an  account  of  the  death  of  Mr.  de  Humboldt.  I  have 
reafons  to  doubt  the  authenticity  of  this  article,  and  to  en¬ 
courage  the  friends  of  fcience  and  of  humanity.  I  know  po- 
fi  lively  that  Mr.  William  de  Humboldt  received  from  his  bro¬ 
ther  letters  dated  from  the  Havannah,  of  the  28th  March,  in 
which  he  informs  him  that  in  twelve  days  he  fhould  go  to 
Charleftown  and  embark  for  Havre,  with  the  expectation  of 
arriving  in  Paris  before  the  end  of  June.  Your  article  of  news 
is  therefore  more  than  doubtful,  and  we  may  hope  that  the 
courfe  of  events  have  not  been  fo  unfavourable  as  to  render 
the  unlimited  facrifices  and  efforts  of  this  illuftrious  traveller  of 
no  ufe  to  fociety. 

Dr.  Gibbes,  the  author  of  the  note  in  queftion,  will, 
no  doubt,  have  the  goodnefs  to  mention  his  authority,  when 
he  fees  this.  W.  N. 


From  the  extraordinary  Numbej  of  valuable  Communications 
this  Month ,  (every  one  of  the  Articles,  but  thofe  qt  Gat 
Lu  s s  a  c  and  Bartholdi,  being  original)  i t  has  been  necef- 
fary  to  poftpone  an  excellent  Memoir  on  Jlauy's  Syjicm,  by  the 
Abbe  Briel,  and  a  Paper  by  E.  O.  on  the  Computation  of  Tables 
of  Squares  and  Cubes ,  both  which,  and  fume  Abridgements  ami 
Collections  of  interejling  Matter  from  the  Phil.  Tranfudtions, 
together  with  the  Scientific  News ,  will  appear  in  our  next . 
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Eeles,  71 
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221 

Oxidation,  requires  a  difengagement  of 
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tric  pile,  176 — His  experiments  on  mag- 
netifm,  184,  212 — His  experiments  on 
tight,  214,  293 

Roads,  machine  for  clearing  them  from 
mud,  29 
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Soap-fuds  the  beft  menftruum  for  clean- 
ling  wool,  95 
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